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PREFACE TO THE SEVENTH EDITION 


An attempt has been made to remedy deficiencies in the previous 
editions by introducing additional examples. It is intended that 
the range of subject matter dealt with should cover the syllabus 
of the examination for the General Certificate of Education at 
Advanced Level. 


1955. 


L. J. F. 



PREFACE 


This collection of worked examples is intended to be used to 
supplement a course of lectures or reading in Physics up to 
Intermediate or First M.B. standard. The solutions are not, of 
course, meant just to be read through; the student should work 
each problem for himself, comparing his o^vn solution, when 
complete, with the one given in the book. To avoid unnecessary 
repetition, a table of formulae and laws has been given, together 
with brief explanations of the s3mibols used. The student is 
advised to consult the appropriate section of this table before 
attempting the solution of the problems, so as to refresh his 
memory of the necessary formulae. 

In the problems on lenses, it has been thought advisable to 
provide two sets of solutions, one for each of the two sign con- 
ventions in common use. This is explained further in a note on 

p. 21. . r . r 1 j • 

Valuable assistance in the preparation of the book ana m 
checking the solutions has been given by Dr. S. E. Green, to 
whom the author is deeply grateful. 


L. J. F. 



INTRODUCTION 


The solution of numerical problems in Physics is the best means 
of fixing the essentials of the subject in the student’s mind. It is 
the nearest approach to a “royal road” for attaining a thorough 
grasp of the various principles and laws which form the basis of 
the study of Physics. 

Time uiU be saved if a methodical approach to the solution of 
a problem is cultivated, in some such manner as the foUo\ 7 ing : 


(a) The problem should be read twice ; the first time rapidly, 
to obtain an idea of the particular branch of the subject 
wncerned; the second time slowly and carefully, so that the 
details have time to sink in. 


(6) Next, there should be a mental review of the relevant 
^owledge possessed by the student, and a selection made of 
the laws, probably embodied in formulae or equations, which 
mU be needed in solving the problem (the table on p. 13 may 
be of hel^p here). These formula! may then be jotted do™ and 
the problem penised again to decide which of the various 
quantities are kno™ numerically and which are as yet 
unknown. (GeneraUy, it rvill be necessary to have as manv 
equations as unknowns for a complete solution.) ^ 

LiSt^ a hT® ‘I"® Subject, notably Mechanics and 

iS ctro^:f:g,a^e.®"‘‘‘''^ “ marshamng the data for 


in JprlTem^'^ >®t “® ®^amine the follow. 

distend in ** ® ■"'“od®" tiock to sUde from rest a 

zontal if th(^ T r inclined at 30'’ to the hori- 

surfac; of the sTope te S 201" “*® “®®‘‘ 


thit&p“w ®®®®'“ 

(6) Some or aU of the equations of motion will be required: 
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v=u-^a( 

A 

v^=u^-i-2as 

F=Tna 


and also the expression for limiting friction : 


/=^ 


Of the quantities in these equations 
or known : 


«:=300 cms. 


the following are given 


u=0 (“from rest”) 
^= 0-20 


and we require to know t. 

Each of the first two equations involves t; the first contains 
two additional unknowns, v and a ; the second, only one, a. By 
selecting the second and fourth equations, we have only two 
unknowns, a and t, provided F, the accelerating for<^, can be 
determined in terms of m. This may be done by resolving all the 
forces acting on the block in a direction parallel to the plane, 
using the fifth equation to evaluate the limiting friction. 

It therefore appears that the second, fourth and fifth equations 
are needed: 

s—ut+^U^ 

F=ma 

f=yJi 



(c) In the diagram all the forces 
acting on the block must be shown : 

mg=t\iQ weight of the block verti- 
cally down. 

^=the normal reaction of the 
plane. 

fj.R=the limiting friction up, paral- 
lel to the plane. 


INTBODtrCTION 
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We have considered here only the approach to the solution of 
the problem, and it is in this approach that the student exercises 
his knowledge of physics. The solution proper will generally be 
an exercise in mathematics — algebra, geometry, trigonometry 
and arithmetic. {See Ex. 18.) 

Most of the problems in this book have been worked with 

four-figure logarithms; in many cases sufficient accuracy could be 

obtained with a 10-in. shde-rule. But there are certain exceptions, 

for instance in expansion problems (Ex. 62), where the answ^er 

appears as a small difference between tw’o quantities, which must 

themselves be taken to a higher degree of relative accuracy 

than the answer. Suppose, for example, we have to evaluate 

(47*73 xO'9994) — (47*61 x 0*9998) to 4 significant figures. This 

cannot be worked accurately with four-figure logarithms but it 

wn quickly be worked by simple arithmetic by writing it as 
follows: ® 

47*73(1 -0*0006) -47*61{1 -00002) 

=(47*73— 0*028638) —(47*61 —0009522) 

=(47*73— 47*61)— (0*028638— 0*009522) 
=0*12-0*019116 
=0*1009 (to 4 significant figxires) 

In certain types of calculation, it is desirable to 
mations m order to avoid unnecessarily long workin 

(l+a)'‘=(l+7ia) approximately if a is small. 


make approxi- 
g;for example, 


see to what ertent this is'justifirtK 


1*0003*= i 1-0006 approx. 

1 1*00060009 exactly 

1*003*= ( approx. 

1 1*006009 exactly 

1*03*= I approx. 

1 1 *0609 exactly 

1-3*= 1 1 ‘6 approx. 

1 1*69 exactly 

The first of these approximations would be suffieiently aoeurate 
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for any type of practical problem, the last, with 6 per cent, error, 
for only the roughest calculation. The second is permissible where 
three- or four-figure accuracy is desired, and the third may be 
used with discretion for “slide-rule” accuracy. 

Other forms of this approximation are : 


(l+a) 

1 + 6 


= (l+a)‘"=(l— n^i) approx, if a is small 


and -~ -=(l-|-6)(l— a) = (l+6— o) approx, if a and 6 are small. 

1+a 


TABLE OF FORMULA AND LAWS 

OENSRAl. PHYSICS 


Mechanics 



P=F coa d 

P 

P the component of force F in 


F 

a direction making an angle 

v=u+crf 

6 

$ with the line of action of F 

u 

Initial velocity. 


V 

Velocity after time t. 


t 

Time to attain velocity v. 

1 

a 

Acceleration. 

a=:td4-~<U* 



2 

v‘=tt*+2aa 

^ 1 

1 

Distance travelled in time t. 

Fs=»ui 

F 

Force producing acceleration 
a in mass m. 

1 

m 

Mass of body being accelerated. 

!;■ 
a=s — 

a 

Radial acceleration for a body 

R 


travelling with velocity v 
along a circular path. 

imv*s=Kinetic energy 

R 

Radius of path. 

^^^=Potential energy 

9 

Acceleration due to gravity 
= 32-2 ft. per sec.* or 981 
cms. per sec.* 

mt>=Momentum 

h 

Height above ground. 

^iiS^Iamiting friction 


Coefficient of friction. 


R 

Normal reaction between sur- 
faces. 

*1 

II 

0. 

P 

Pressure due to a columTi nf 
liquid. 


h 

Height of column of liquid. 

1 

P 

Density of liquid. 


fli hT loss in weight of a body immereed 

fluid 13 equal to the weight of fluid displaced by the bod^ 

Ptndulum 




T 

L 


Period of a simple pendulum. 
Length of pendul um . 
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Elasticity 




Y 

Young’s modulus of elasticity. 

a * e 

L 

Length of wire. 

a 

Cross-sectional area of wire. 


T 

Tension in wire. 


e 

Extension due to tension T. 

Surface Tension 



2T 

h 

Rise of liquid in capillary tube. 

tx — ■ 

rp9 

r 

Radius of tube. 

T 

Surface tension of liquid. 


p 

Density of liquid. 

2T 

P 

Excess pressure in a bubble in 

v=- 


a liquid. 

$ 

r 

Radius of bubble. 

AT 

P 

Excess pressure in a soap 

p= 

r 


bubble (film with two sur- 
faces). 

Qas Laws — under Heat. 




HEAT 

Thermometry 

6 C. deg.=9 F. deg. 

/9 

i*C.=(^-<+32j F. 
F.=^((-32)° C. 

Expansion 



Lt=Lo (1 +qO 

Lq 

Length of body at 0® C. 


Lt 

Length of a body at t° C. 


t 

Temperature. 


a 

Coefficient of linear expansion. 

F,= Fo(l+a/) 


Volume of solid, liquid or gas 
at 0® C. 


Vt 

Volume of solid, liquid or gas 
at t° C. 

1 

a 

Coefficient of cubical expan- 
sion. 

1 

Po=P((l+«0 

Po 

Density of a substance at 0® 

C. 


P. 

Density of a substance at G. 


TABLE OF FORMULA AND LAWS 
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OA5 LAWS 


Boyle's Law 
pt>=coQstant at 

constant tempera- 
ture 

Adiabatic Law 
ptjyi=s constant 


P 

V 


Pressure exerted by gas. 
Volume of given mass of gas 


Ratio of specific heats of a gas 


Charles's Law 

*^273) pressure. 


Pressure Law 

Pi—Po ^1 *^ 2 ^) constant volume. 


273 . 

General Qas Equation 
pv=BT 


Thermal Conductivity 
Q_ kA{8^~6^) 

T d 


T 

R 


t 

k 


&i,e 


2 


(gi-g«) 


Absolute temperature 

^ =< + 273 . 

Gas constant. 

Quantity of heat conducted in 
time t. 

Time. 

Coefficient of thermal conduc- 
tivity. 

Area across which heat is con- 
ducted. 

Temperatures of faces be- 
tween which heat passes. 
Temperature gradient. 

of* ho‘ body is pro- 

portional to its excess temperature above its surrounding." ^ 


SneWs Law 


LIGHT 


sm i 


sin r 


# 

% 

r 


Refractive index. 
Angle of incidence. 
Angle of refraction. 
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Mirrore 

21 

b~7 


1 1 

— I — 

V u 


Lenses 

*I 1; 


II. i 


1 1 

V u 

or 

:l+i 

V u 




or 


n.i=(.-i,(l+l) 


/_V 

d~u 


Refraction at Single 
Spherical Surface 

V u R 

or 

II. 

V u i? 


Telescope 


ij 

/ 

V 

u 


f 

V 

u 


/* 

-Ri 


/ 

O 


R 

A* 


V 

u 


M 


Radius of curvature of mirror. 
Focal length of mir ror. 

Image distance. 

Object distance. 


Focal length of lens. 
Image distance. 
Object distance. 


Refractive index of material 
composing lens. 

Radius of curvature of surface 
by which light enters lens. 

Radius of curvature of surface 
by which light leaves lens. 


Height of image. 
Height of object. 


Radius of curvature of sur- 
face separating two media. 
Refractive index taken in the 
direction of the light (i.e. 
air to water, glass to air, etc.) 
Image distance. 

Object distance. 


Magnifying power for object 
at infinity. 

Focal length of eyepiece. 
Focal length of objective. 


* See note on p. 21. 
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Compound Microscope 



Photometry 


E= 


I cos 6 


rf* 


M 

D 

V, u 

/. 

E 

$ 

d 

I 


Magnifjnng power, final imago 
at D. 

Least distance of distinct 
vision (25 cms., or 10 in.) 

Numerical values of image and 
object distances for objec- 
tive. 

Numerical valueof focal length 
of eyepiece. 

Illumination of surface. 

Angle of incidence of light on 
surface. 

Distance of surface from 
source. 

Luminous intensity of source. 



r=nA 



1= 


21Z+t 

273 


EoppUr Effect 



B 


SOUND 


V 

T 

m 

V 
n 
X 

n 

L 

T 

m 

Vt 

Ve 

n 

n' 

V 
u 

V 


Velocity of waves along a 
stretched string. 

Tension in string. 

Hass per unit length of string. 

Velocity of waves in a medium. 

Frequency of waves. 

Wavelen^h. 

Frequency of fundamental 
transverse vibration of a 
stretched string. 

Length of string. 

Tension in string. 

Mass per unit length of string. 

Velocity of sound in a gas at 
temperature C. 

sound in a gas at 

0 Ce 

Frequency emitted by source. 

J^requency received by ob. 
server. 

Velocity of sound in air. 

Velocity with which observer 
approaches source. 

Velocity with which source 
approaches observer. 
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MAGNETISM 



~~d^~ 


H= 


m 




H 


=tan 8 


F 

mj, mg 

d 

H 

m 

V 

H 

8 


Force which each pole exerts on 
the other (in air or vacuum) 

Strengths of two poles. 

Distance between poles. 

Magnetic intensity or field 
strength at distance d from 
pole of strength m. 

Vertical component of earth’s 
magnetic field. 

Horizontal component of 
earth’s magnetic field. 

Angle of dip. 


T=27T\/ 


MH 


"End-on" Position 
„ 2Md 




"BroadMde-on" Position 
M 






T 

1 

M 

H 


I 


Period of vibration. 

Moment of inertia of magnet 
about axis of vibration. 

Magnetic moment of magnet. 

Strength of field surrounding 
magnet. 

Distance of point on axis of 
magnet from centre of mag- 
net 

Half the distance between the 
poles (or half the magnetic 
length). 

Distance of point on the per- 
pendicular bisector of the 
magnet from the centre of 
the magnet. 


B= H+47rl 


B 



H 


B 

I 

H 


Magnetic induction. 

Intensity of magnetisation. 
Strength of magnetising field. 




Magnetic permeability. 


k 


Magnetic susceptibility. 



TABLE OF FORMULA AND LAWS 
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ELECTROSTATICS 



Ql> Q2 

F 

d 


Two point charges 

Force which each exerts on 
the other (in air). 

Distance between charges. 



^Tid 


C= 


kRr 




Cwdenaers in Series 


1 

d 


• ■ ■ 


Condensers in Parallel 

C=Ci+C2+C3+ , . , 

w=.\<iv 

2 O 



Potential at a point distant d 
from a charge Q, 


Capacity of a conductor at 
potential V and with charee 

Q- ^ 

Capacity of a parallel plat© 
condenser. 

Area of each plate. 

Distance between plates. 

Specific mductivecapacity (di- 
electric constant) of medium 
between plates. 

Capacity of a spherical con- 
denser. 

Hadius of inner sphere. 

Radius of outer spherical shell. 


Individual capacities. 
Combined capacity in series. 

Combined capacity in parallel. 
Energy of charge of condenser. 



20 


WORKED EXAMPLES IN PHYSICS 


Ohni's Law 



or 



Circular Coil 


H= 


2-Tmi 


r 


Tangent Galvanometer 


. rn 

‘^=x — 
2im 


tan B 


or 



6rH 

tan B 

rm 


JResi-Btances in Series 
i?=rj+r2+r3+ . . . 


Resistances in Parallel 


1111 

— = — I 1 j- 

R ri rg ra 


• • • 



a 


W^IVt 

=l‘Rl 

VH 


R 


W=JH 


ELECTRICITY 


I 

V 

E 

R 


H 

n 

T 

% 

X 


H 

n 

r 

e 

4 

I 


r 

R 

R 


o 

L 

a 


Current. 

Potential difference. 

Electromotive force. 
Kesistance. 


Axial field at centre of circular 
coil. 

Number of turns in coil. 

Radius of coil. 

Current in absolute electro- 
magnetic units. 

Earth’s horizontal magnetic 
field strength. 

Number of txmis in coil. 

Radius of coil. 

Angle of deflection. 

Current in absolute imits. 

Current in amperes. 


Individual resistances. 
Combined resistance in series. 

Combined resistance in paral- 
lel. 

Specific resistance (resistivity) 
of material. 

Length of wire. 
Cross-sectional area of wire. 


W 

t 


Energy dissipated in a con- 
ductor in time t. 

Time. 


H 

J 


Heat equivalent of energy W. 
Mechanical equivalent of heat 
= 4-18 X 10’ ergs/cal. 

= 4*18 joules/cal. 




SIGN CONVENTIONS 


Ow^-o to the lack of uniformity in the sign conventions recom- 
mended by teachers of optics, it has been thought advisable in 
lens problems, to give two solutions, side by side, one for each 
ot the two most popular conventions. These are as follows: 


(I) All distances to be measured from the surface of the lens 

or mipor. The direction of the incident light to be taken as 
negative. 

♦ (II) Distances of real objects and images to be positive; of 
virtual objects and images to be negative 

Concave redecting or convex refracting surfaces to have 
positive radu of curvature; convex reflecting or concave re- 
fractmg surfaces, negative radii of curvature. 

formula 

distoSed aa JiTor (H). appropriately 



GENERAL PHYSICS 

MECHAiaCS, HYDROSTATICS, SURFACE TENSION, ELASTICITY 


1. 

A R^TANOULAE picture frame 18 in. wide is suspended from a 
nail by a cord 3 ft. long whose two ends are attached to the two 

top corners of the frame. Calculate the tension in the cord if the 
mass of the frame is 5 lb. 




Af? 


Resolving the forces vertically : 

mg^2T cos 30® for equilibrium - y w-. 

6x32=22.xf 

^_6x32 

■* r poundals 




9 

• • 


' ' ' 


V3 


= 92-4 poundals or 2-89 lb. wt. 


L 
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The problem may also be solved by the triangle of forces 
applied to the three forces acting on the nail. These are the 
reaction of the wall R vertically up and the two tensions T. The 
triangle of forces drawn with its sides parallel to the three forces 
in equilibrium, is as shown above, from which it may be seen 
that 

R=2T cos 30® 

But since the nail is supporting the frame, the reaction of the 
wall R must equal the w’eight of the frame. 

5x32=2r cos 30® 

which is the same equation as was obtained by the first method. 

2. . L r 

A tight*rope walker of mass 10 stone, standing at the centre ot 
a rope stretched between two points at the same level and 30 ft. 
apart, produces a sag of 2 ft. Find the tension in the rope. 

For equilibrium of the three 
forces acting at the centre of 

the rope: 

mg=2T sin 6 

(vertical components of T). 
Since tan 0=A=O'1333 
0=7® 36' 
and sin 0=0*1323 

140x32 

^“2x0*1323 
= 16,930 poundals 

= 629 Ib. wt. 

Note that for small values of 0, for which sin 0 and tan 0 may be 
taken as equal, the product of the sag and the tension is constant. 

3. 

Find the greatest slope up which a man could push a railway 
truck weighing 2 tons, if the maximum force which he can exert 
is 112 lb. wt. 
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In the diagram the three forces 
acting on the truck are shown: 

\V, its weight acting vertic- 
ally. 

JR, the normal reaction of the 
rails, 

F, the force exerted by the 
man parallel to the rails. 
For equilibrium, the relative 
magnitudes of the forces may 
be represented by the three sides 
of a triangle drawn parallel to 
the lines of action of the three 
forces. 





a 


ABC is such a “triangle of forces*’ in which 

BA is parallel to R. 

AC is parallel to W. 

C B is paraUel to F. 

The angle CAB is equal to 0, the slope of the rails. 
So we may ^vrite : 


. « CB F 
sm 6=^^= 


AC W 
112 


1 


2x2240 
^=1® 30' 


40 


slope is less than this, the forces ^vill no longer be in 
eqmhbrmm and the truck wiU move up. ^ 

. g^^test slope up which the truck can be nus hed ia one 
mchned at 1° 30' to the horizontal— a slope of 1 jg 40. 


4. 


sotrire “jd-Point, and masses of 30 and 

Wh^e ^ divisions respeetiyely 
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^ 25 ^ 4-0 ^ Let the required position of 

I — I 1 ^ T — » the 25-gm. mass be d cm. from 

pCT 30 I 7rm So the pivot. 

25 c!d ' Then, for equilibrium, taking 

— 3 moments about the pivot: 

(30 X 25) + (25 X d) = (50 X 40) 

d=i(2000-750) 

=50 cm. 

Th erefore the 25-gm. mass must be bung at the extreme end 
of the rule on the same side of the pivot as the 30-gm. mass. 


A uniform lath 1 metre long of mass 50 gm. has a mass of 
10 gm. attached to one end, and a mass of 20 gm. attached to 
the other. Find the position of the point on the lath about which 
it would balance horizontally. 

Suppose the required point 

^ I >9 c of support is at P, at a distance 

I I X to the left of the centre of 

m ^ the lath. Then there are four 

,oy\ forces acting on the lath: 

Its weight acting through the mid-point B. 

10 gm. \vt. acting through the end A. 

20 gm. wt. acting through the end C. 

The reaction of the support acting up through P. 

For equilibrium, taking moments about P: 

10 X AP=(50 X PB) + (20 X PC) 

10(50— x)=50a:+20(50+ar) 

— 500=80x 
—50 

8 

= — 6'25 cm. 

The negative sign indicates that P is to the right of B. 

So the point of balance is 6-25 cm. from the centre of the lath 
on the side of the larger mass. 
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6 . 

A uniform rod 1 metre long, of mass 500 gm., is suspended in 
a horizontal position by two vertical spring-balances at points 
10 cm. from each end. Masses of 1 and 2 kgm. are hung on the 
rod at points respectively 20 cm. from one end and 25 cm. from 
the other. What are the readings of the spring-balances? 

Let the balance readings 
be Ri at A (the 1-kgm. side) 
and .^2 B (the 2-kgm. 
side). Then, taking moments 
about A: 

(IxlO)+{0-5x40) + (2x65) = (i22X80) 

■^ 2 =^( 10 + 20 + 130 ) 

=2 kgm. wt. 

Taking moments about B : 

(2 X 15) + (0-5 X 40) +{ 1 X 70) = (if 1 X 80) 




= 1'5 kgm. wt. 


As a check on the answer, note that t 
balance readings equaU the sum of the t 
and the mass of the rod 


sum of the spring- 
suspended masses 


7. 
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= -^ cot 30® 

AB 

= cot 30® X cot 30® 

=cot2 30® 

=3 

The ratio of the masses is 3 : 1, the larger mass being at the 
60® corner. 


A uniform plank leans against a vertical wall, the coefficient 
of friction at each end of the plank being 0’25. What is the 
minimum angle at which the plank may be inclined to the 
horizontal without slipping? 



Let 6 be the inclination of the 
plank as it is about to slip. 

The forces acting on the plank when 
just on the point of slipping will be 
as in the diagram, i?i and being 
the reactions of the ground at B and 
the wall at A, and the limit- 
ing frictional forces resisting slipping, 
and mg the weight of the plank acting 
through its mid-point C. 

For equilibrium, resolving all the 
forces acting on the plank: 




(а) horizontally: 

(б) vertically: mg= fiR^+Ri 
Taking moments about A: 

2ifi cos 9—7ng cos d-\-2fiRi sin 6 
Substituting for mg: 

2i?i cos 6=Ri{fi^-\-l) cos 6-^2fiRi sin $ 
cos 0[2 — (/x*+l)]=2/i, sin 9 

tan 

2^ 
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2fj. 

1-00625 
“ 0-5 

= 1*875 
5=61® 56' 

The minimum angle between the plank and the horizontal i s 
61^56'. 



A pair of flat boards 1 ft. square are hinged together along one 
edge, and the opposite edges are joined by a string 1 ft. long. The 
boards are held in the position of a V-shaped trough with sides 
equally inclined to the vertical and a metal sphere of mass 2 lb. 
and radius 2 in. is placed within it. What is the tension in the 
string, neglecting the masses of the boards? 


Referring to the diagram, i 
R is the normal force exerted 
by the sphere on each board. 
For equilibrium, the vertical 
components of these forces 
must together equal the 
weight of the sphere. 

.*. 2i2cos60®=2x32 

since A BC is an equilateral 
triangle. 

.R=64 poundals 
The distance of the point of 



EA=OE tan 60® 
=2x ^y3m. 
=3*464 in. 
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Taking moments now about A: 

AE=7' cos 30°x AC 

64x2x V3=rx'^xl2 


T= 


2 

64x2 

6 


poundals 


=- lb. wt. 


10 . 

A cylinder of diameter 50 cm. and mass 4 kgm. is prevented 
from rolling down a rough slope inclined at 20® to the horizontal 
by a cord, one end of which is attached to the surface of the 
cylinder and the other end to a point in the plane, the cord being 
horizontal and tangential to the cylinder. Find the tension in 
the cord. 



The forces acting on the cylinder are : 

Its weight acting vertically down through B, the centre of 
gravity. 

The horizontal tension in the cord acting through A. 

The normal reaction of the plane at C. 

A frictional force acting at C parallel to the plane. 

These last two forces do not enter into the calculation if we 
take moments about C; 
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For equilibrium, Td^=mgd^ 

d^=bC sin 20“ 
=25x0-342 
=8*55 cm. 

(ii= AB-4- BC cos 20® 
=25+(25x0-940) 
=48*5 cm. 

T X 48*5 = 4000 X 98 1 X 8-55 


T= 


4000x981x8-55 


48-5 
4000 x 8-55 

“ 48-5 

=705 gm. wt. 


dynes 


gm. wt. 


11 . 

A pebble is dropped from rest from the top of a cliff 500 ft. 
high. How long does it take to reach the bottom? What is its 
velocity just before striking the ground? 


In the equation: 

■we are given 
and we know 


z 

8 =500 ft. 

«=0 

a=?=32 ft./aec.® 

c32xr* 

sec. 

VoiSD 

4 

10 JE 

4 

10x2-24 
4 


500=0+ 



=6-6 see. 
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The average velocity is therefore ft. /sec., and since the initial 

velocity was zero, the final velocity 


2x500 
~ 5-6 
= 179 ft./sec. 

Or we may use the equation: 

v=u-\-at 

obtaining v=0+ (32 x 5*6) 

= 179 ft./sec. 

The pebble takes 5-6 sec, to fall 500 ft. to the bottom of the 
cliff, its final velocity being 179 ft. per sec. 


A train, starting from rest, attains a speed of 60 miles per hour 
in 11 mins, with uniform acceleration. How far does it travel 
during (a) the first minute, (6) the second minute, (c) the eleventh 
minute? 

The equations required for this problem are: 

v=u-\-at 

^ , 60x5280 ^., 

We are given v=60 m.p.h.= — ggQQ — It./sec. 

=88 ft./sec. 

«=0 

as the train starts from rest 

t=ll min. =660 sec. 


From the first equation: 

88=0+660a 

o.=^ ft./sec. “ 

lo 


(a) In the first minute. 


<=60 sec. 

si=0+(ix 
=240 ft. 
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(b) In the first two minutes 

<=sl20 sec. 


/l 2 

^^=[2^15 


X1202 


=960 ft. 

Distance travelled in the secoTid minute 

=960-240 
=720 ft. 


(c) In 11 mins. 


_/l 2 

'll \ 2^15 


X660* 


In 10 mins. 


^10 


=29,040 ft. 

-H- 


600* 


=24,000 ft. 

.•. Distance travelled in the eleventh minute 

=29,040-24,000 
= 5040 ft. 

Alternative Method 

The problem may also be worked for (6) and (c) by calculating 

K beginning of each of the specified periods and 

substituting this for u in the equation: 


Thus: 




minute"?? the velocity at the beginning of the second 

nunute, i.e. after 1 mm., is 


0 +^j^x 60 ^= 8 ft./sec. 


' < 

And from 

2 


t— (® ^ 2 ^ I5 ^ 60* jduring the second minute 

=480+240 ' 

=720 ft. 


0 
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(c) The velocity at the beginning of the eleventh minute, i.e. 
after 10 min., is 

0+^^X 10x60^ = 80 ft./sec. 

=4800+240 
=5040 ft. 


With what velocity must a bullet be fired vertically in order 
to reach a height of 2 miles? What interval will elapse after 
firing before the bullet returns to earth? 

In the three equations of motion 


(1) 5=Wf+^2 

(2) v=u-\-at 

(3) t;2=M2+2aS 

we are given, for the upward journey: 

5=2x5280 ft. 

t >=0 


(final velocity momentarily zero at the top) 

a= —g= —32 ft./sec.® 

and we require u and t. From (3) : 

0=u 2— (2x32x 2 X 5280) 
u= ^/64 X 10560 ft./sec. 
=8x102-7 
=822 ft./sec. 



From (2): 0=822 — 32i 

(=25-7 sec. 

This is the time for the upward journey; that for the down- 
ward journey will be the same; therefore* 

5 14 sec, whl elapse between the firing of t he gun and the 

return of the bullet to earth* 
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A car of mass 1 ton, travelling at 15 miles per hour, can be 
stopped by its brakes in 30 ft. What is the average retarding 
force of the brakes? 

88 

15 m.p.h.=— ft. per sec. 

Substituting in the equation 

v^=u^-i-2as 

we have 0=222+(2ax30) 

484 

* ♦ fllS * ■ — 

60 

= —8*07 ft./sec.^ 
the negative sign indicating a retardation. 

required to produce this retardation in a mass of 

^240 lb. 

=2240x8-07 poundals 
2240 x 8-07 ,, 

32 

=565 lb. wt. 

15. 

Two simHar buckets, each of mass 3 lb., are suspended from 

frirtin^L?*^ n ^ negUgible mass passing over a 

ictionless pulley and are at rest at the same level. A mass of 

if placed gently in one of the buckets. How long wUl 

It be before the vertical distance between the buckets is 6 ft.? 

through a distance 

2 oz force is the weight of ll 


poundals. 


{2^)+^/b* accelerated is 

di-rided ^ 

oivided by the mass (from F^ma). 

, „_/2x32 1\^ , 

32 

=^ft./sec.a 


\ I I 

w../ i j 


6H. 
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We require the time taken by each bucket to travel 3 ft. 
Substituting the known values of s, u and a in the equation 




we have 


3=«+Gxix‘0 


t^= 


3x49 


t= 


16 
7 ^3 


=3-03 sec. 


The time taken by the buckets to separate by 6 ft. is 3-03 sec. 


16. 

A bullet of mass 20 gm. is 6red from a rifle having a barrel 
50 cm. long and 8 mm. in diameter. If the average excess pres- 
sure in the barrel is 5000 atmospheres, calculate the muzzle 
velocity of the bullet, neglecting the effects of friction and of the 
rifling of the barrel. 

Density of mercury=l3-6 gm./c.c. 

In order to apply the equations of motion, it is necessary to 
find the accelerating force in dynes acting on the bullet. 

A pressure of 1 atmosphere 

=the pressure due to 76 cm. of mercury 
= (76 X 13*6x981) dynes per sq. cm. 
Average pressure in the barrel 

= (5000x76x13*6x981) dynes per sq. cm. 
=5*07 X 10® dynes per sq. cm. 

Average force on bullet of diameter 0*8 cm. 

=5*07 X 10® X 77x0*4* dynes 
=2*55 X 10® dynes 

From the equation, F=7na, we now have: 

2*55x 10»=20a 

a= 1*275x10® cm. /sec.* 
and from the equation : 

v^=u^-\-2as 

in which w=0 and s=50 cm., we have 

v2=0 +(2x 50 X 1*275 X 10®) 

v= n/1*275x 10® cm. per sec. 

= 1*129 X 10® metres per sec. 

= 1*129 km. per sec. 


• • 
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17. 

A wooden block of mass 50 gm. resting on a smooth table is 
connected by a cord passing over a frictionless pulley at the edge 
of the table to a mass of 10 gm. hanging freely, the tw'o portions 
of the cord being respectively horizontal and vertical. With what 
acceleration will the block slide along the table? WTiat is the 
tension in the cord? 


The force causing motion of the two masses is the weight of 
the suspended mass, lOy dynes. The total mass being accelerated 
is (50-fl0)gm. ® 


Therefore, applying the 
equation 

F=ma 
we have 


109= 


a= 


(50-}-10)a 

lOg- 

60 


=-g- cm./sec.* 
=:163‘5 cm./sec.® 



Considering the motion of the block alone: 
the accelerating force is the tension in the cord, T, 

7’=50x 163-5 


—8175 dynes 


Or, considering the motion of the hanging mass alone- 
the resultant vertical accelerating force is (10?— T) dynes. 


10?— r=10x 163-5 
=8175 dynes 

the same result as was obtained above. 

if tension in the cord would be 10? 

if the masses were prevented from moving. ^ 


=9810 dynes 
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18. 

How long will it take for a wooden block to slide from rest 
a distance of 3 metres down a slope inclined at SO® to the hori- 
zontal, if the coefficient of friction between the block and the 
surface of the slope is 0-20? 

The three forces acting on the block are not in equilibrium, 
but have a resultant component parallel to the plane which 
accelerates the block dovTi the plane. 

This accelerating force is equal to 

mg sin 30° — /xi? 

Since there is no component of the motion perpendicular to 
the plane, the resultant force in this direction must be zero. 

R—mg cos 30® 
and y.R=Q'2mg cos 30® 
So the accelerating force is: 
mg sin 30® — 0'2m^ cos 30®_ 

0-2 JZ\ 

2 / 

=0-3277n^ 

This must equal the product of the mass and the acceleration 

0'Z21mg—7na 

0=0-327x981 cm./sec,* 

Now in the equation, s=vi + 



=mg(^ 


we have 


and 


^=300 cm. 

u—0 sin CO th© block starts from rest 
a=0-327x981 cm. per sec.^ 

300 0-327 X 981 X(* 


t 




2x300 


327x981 
= 1-37 sec. 


It will take 1-37 sec. for the blo ck to slide a distan ce of 3 metres 
down the slope. 
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19. 

A lead sphere of mass 20 gm. is whirled round in a horizontal 
circular path on the end of a string 1 metre long, the other end 
of which is stationary. What is the tension in the string when 
the sphere is making 4 revolutions per second? 

The radial acceleration for a body following a circular path 
of radius R with velocity v is : 

The centrifugal force on mass m is: 

mv^ 


ma= 


R 


which is balanced by the tension in the string. 

Tenaion=»:^l££2il)l 

= 128j0007r^ dynes 
= 1*263 X 10® dynes 
1-263x10® , 

981 ^8®* 

= 1-288 kgm. wt. 

in the above solution that the string is 
horizontal. Actually this would not be so. The string would be in 
the dnection of the resultant (F) of the vertical weight (4) of th^ 

sphere, and the horizontal centrifugal force 

tan 

mu® 
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20 . 

A horizontal disc 20 ft. in diameter has a number of ropes, 
each 10 ft. long, attached to its rim, each rope carrying a weight. 
When the disc rotates at a uniform rate, the ropes are seen to 
be inclined to the vertical at an angle of 30°. What is the time 
for one revolution of the disc? 




Referring to the diagram, 
it is seen that the three 
forces acting on each weight 
are: the weight mg verti- 
cally do\vn, the tension F 
in the rope and the centri* 

- , .. mv^ .. 

fugal force actmg 

horizontally. 

Since these are in equili- 
brium, and can therefore be 
represented by the triangle 
offerees ABC, it is obvious 
that 


mv^ 

j? V® 

tan 30**=^=^ 
mg Jig 


Now if T is the required period of revolution of the disc, 
during which time the weight travels once round a circle of 
radius R, 



and, substituting for v in the previous equation 


tan30»=('?5?V.i 

Rg 


\T } 


^tt^R 

4:rr^R 

n2_ 

g tan 30° 

^=10 + 10 sin 30°=15 ft. 


from which 
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tan 30®=— 

47J'^x15x JZ 
~ 32 

r=5*66 sec. 


The problem may be solved more 
quickly by considering the system as 
part of a conical pendulum of height A. 


tan 30® 

Then r=27r./l^ 

V 32 

=5*66 sec. 






The forces acting on the 
truck in a plane at right 
angles to the rails are its 
weight mg^ the centrifugal 

r mv^ 

lorce — ^ actmg horizon* 

tally due to its motion round 
the curve of radius r, and 
the reactions of the rails. 

If the resultant of the 
^t two forces passes above 
the outer rail, the truck will 
topple over. The limiting 
^fe case is shown in the 
diagram, where the resultant 
passes through the rail. 
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From similar triangles: 

mv^ 

~_2 
771^ “3 

£!— ? ■ " 
r?“3 ■ ' 

_2 

120x32“3 

v= •/64x40 
= 8x6-32 
= 50-6 ft. /sec. 

To avoid toppling over, the speed of the truck must not exceed 
50-6 ft. per sec. 


22 . 

A particle of mass 2 gm. executes simple harmonic vibrations 
of frequency 10 per second and amplitude 0-5 cm. What is the 
maximum value of the restoring force? 

An important property of simple harmonic motion is that the 
acceleration is proportional to the displacement from the position 
of rest. 

If the particle X is vibrating between 
A and B about the mean position C, the 
amplitude is CB. Call this a. Above AB 
is c^awn a circle of radius a roimd which 
the imaginary generating particle may be 
thought to revolve with uniform speed v. 
Its radial acceleration, directed towards 

O is — and the component of this parallel 

2 

to AB is — sin 0. This is therefore the 
a 

acceleration of X, directed tow-ards C 
w’hen its displacement is a sin S. 

^ . . acceleration v* 

So the ratio 



a sin0 


displacement a* 
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(or a>* where w is the angular velocity). 

X /ft 

The frequency of vibration 

^ 27ra 27r\ di 

=10 


acceleration 

displacement 


so 


accel. 

displ. 


= 40077 


2 


The maximum acceleration occurs when the displacement is 
a=0*5 cm. and is therefore equal to 40077^x0-5 = 1973-9 cm./sec.* 
Since force=massx acceleration, the maximum restoring force is 

2x1973-9=3948 dynes 


23. 

A pendulum consists of a long thread carrying a small lead 
sphere at its lower end. When set swinging mth small amplitude, 
20 vibrations occur in 3 minutes. When the thread is shortened 

by 97 cm. 20 vibrations occupy 2 min. 55-6 sec. Find the original 
length of the thread and the value of g. 

Let the original length be L cm. Then the periodic time in 
the first case is 


3x60 fL 

^-9.0sec.=277^/- 


( 1 ) 


and in the second case 

(2x60) +55-6 
20 


=8-78 sec 


7 


L-97 


( 2 ) 


equations and subtracting (2) 
92_g.7g2_t^^ __ 47r^(Zr— 97) 

g 

••• (9+8-78)(9-8*78)=iir!^ 

9 

17*78 x0'22=.??2^* 

9 

^__388x 3-142* 

^ 3*912 

~979 cm. per sec.* 
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By substituting for g in equation (1) above we obtain 

90=~ ■ ^ 


0=2.J, 


whence 


L= 


979 
81x979 


477 ^ 

=2008 cm. 


24. 

A 5 gm. weight is suspended from the end of a spiral spring of 
negligible mass, and it is found that the addition of further 
weights, 0-5 gm. at a time, produces uniform extensions of the 
spring at the rate of 1 cm. for each 0*5 gm. If the additional 
weights are now removed, what \\ill be the frequency of vertical 
vibrations of the 5 gm. weight? 

The figures given for the static extension of the spring show 
that the restoring force due to its elasticity is proportional to 
the extension. The vibrations are therefore simple harmonic and 
we may apply the standard expression for their frequency 

1 /restoring force per unit displacement 

mass 

The numerator is the force to extend the spring 1 cm., namely 
0-5 gm. wt. or 0-5x981 dynes. 

1 /0-5X981 

5 

”2x3-142 
9-904 
”6-284 
= 1-58 per sec. 


25 . 

A shell leaves a gun with a velocity of 1500 ft. per sec. At 
what range will it strike the ground if it is fired at an angle of 
30® to the horizontal? (Neglect air resistance.) 
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u 



The velocity of the shell at any point in its trajectory may be 
resolved into two components, one vertical, the other horizontal. 
Of these, the latter remains constant, since there are no hori- 
zontal forces acting on the shell. The former is affected by 
gravity, just as if the shell had been fired vertically with a 
velocity equal to the vertical component of its muzzle velocity. 

Referring to the diagram, if t is the time for which the shell is 
in the air, 

D=sut cos a 


t may be evaluated by considering the vertical component of u. 
From v—u-\-(U 

0=w sin o - for the first half of the trajectory, 

2u sin a 


which gives 




• • 


D=u cos aX 


2u sin a 


__2u* cos a sin a 

— sin 2a 

^ 9 

_(1500)V, ..o 

3 ^®^^ 


_2-25xl0® 

32 

_ 2-25xl0 »x s/ff .. 

5280 X 64 
=11*53 miles 



a 


What must be the 
range of 10 miles. 


mimmum muzzle velocity for a shell to have 
neglectmg air resistance? 
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Referring to the previous example, the range is equal to 

„ 

— sin 2a 

g 

where u is the muzzle velocity and a is the angle of projection. 

For a given value of u the maximum range ^vill be given when 
sin 2a is a maximum, i.e. when 2a=90® and a=45‘’. 

Then 6280x10=^ 

n/32x 5280x10 ft./sec. 

= 1300 ft./sec. 


The minimum muzzle velocity for a range of 10 miles is 1300 
ft./sec., the shell being projected at an angle of 45° with the 

horizontal. 


How much work is done in hauling a load of 30 kgms. a distance 
of 10 metres up a slope inclined at 15® to the horizontal. 

For a distance of 10 
metres travelled by the load 
along the slope, the vertical 
distance through which it 

has risen is 

(10 X sin 15°) metres 
and the work done against 
gravity is 

(30 X 10 X sin 15°) kgm. metres 
= (300 sin 15° x 1000 X 100) gm. cm. 

= (300 sin 15° X 106x981) dyne cm. or ergs 
= (300 X 0-2588 x 10® X 981 ) ergs 
= 7-62 X 10^ ergs 

From a slightly different point of view: 

The component of the weight of the load parallel to the plane 

= (30 sin 15°) kgm. wt. 

= (30 X 1000 X sin 15°) gm. wt. 

= {30x 1000x981 xsin 15°) dynes 
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The hauling force must be equal and opposite to this, and the 
work done when such a force has its point of application moved 
through 10 metres 

= (30 X 1000x981 X sin 15^x1000) ergs 
=7-62x10® ergs 


28 . 

Calculate the horse-power developed by a locomotive in haul- 
ing a train weighing 500 tons up an incline of 1 in 100 at a speed 
of 45 mOes per hour. 

. 45x5280 -^ 

=66 ft. per sec. 

For every 100 ft. along the track the train is raised a vertical 
distance of 1 ft. Therefore the vertical component of the speed 
of the train 


=1^ ft- per sec. 

The amount of work done in raising 500 tons 0*66 ft. against 
gravity 

=(500x2240x0-66) ft. lb. 

Rate of working =(500 x 2240 xO-66) ft. lb. per sec. 


500x2240x0-66 

550 


horse-power 


=:1344 horse-power 


29 . 

A car weighing half a ton accelerates uniformly from rest, 
taking 30 sec. to attain a speed of 40 miles per hour. Neglecting 
frictional losses, calculate the horse-power of the engine when 
the speed is (a) 20 m.p.h. and (6) 30 m.p.h. 

When converting speeds in m.p.h. to ft. per sec,, it is con- 
venient to remember that 60 m.p.h.=88 ft. per sec. 

So 40 m.p.h.=5x88 ft. per sec. 
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20 m.p.h.=|x88 ft. per sec. 


30 m.p.h.=|x88 ft. per sec. 

Since a speed of | X 88 ft. per sec. is attained in 30 sec. from 

rest, the acceleration a is equal to 

2x88 


3x30 


ft. per sec. per sec. 


88 , A 

=— ft. /sec.* 

45 

The force F which produces an acceleration a in a mass m is 
given by: 

F=ma 

88 

F= 1 120 X ^ poundals 

^112^ lb. wt. 

32x45 

This force will be constant so long as the acceleration is con- 
stant. 

Since Power=rate of doing work 

= work done per sec. 

= force X velocity 

Therefore (a), the power developed at 20 m.p.h. 

1120X88 88 ,, ij, 3,. 

32x45 3 


1120x88x88 


32 X 45 X 3 X 550 
= 3-65 horse-power 

and (6), the power developed at 30 m.p.h. 

1120x88x88 


horse-power 


“32x45x2x550 
=5-48 horse-nower 


horse-power 
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30. 

A simple pendulum of length 1 metre is vibrating with an 
amplitude of 30“. What is the velocity of the pendulum bob at 
its lowest point? 

By the principle of the 
conservation of energy, the 
kinetic energy possessed by 
the bob at its lowest point 
B must equal its potential 
energy at A or C with respect 
to B. 

1 


• 4 


^v^=mgh 


or 


v= Jtgh 

a=bd-ed 

= 100—100 cos 30 
since ADC is an equilateral triangle. 

75 



=ioo(i-^) 


• • 


=»13*4 cm. 

•>/2 X 981 X 13-4 cm. per sec. 
=162‘1 cm. per sec. 


31. 

A belt-drive transmits 10 horse-power to a pulley 18 in in 
iameter. What m the difiference between the tens^ns in the 

sronlr^ ^ ^ t^vice per 

Let the tensions be and T, lb. 
wt. 

The difference between them, 

(Tj— Tj), is the frictional force act- 
ing tangentially on the rim of the 
pulley. 

The work done by this force in 
turning the pulley through 1 revolution is 

and the work done per second is therefore 

^Xl 57T(T^^T^}fi, lb. 




50 


Since 


« ♦ 
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1 horse-power=550 ft. lb. per sec. 


550 

A-2’2=^ lb. wt 

=584 lb, wt. 


32. 

Two simUar balls, each of mass 20 gm., lie some distance apart 
in a smooth horizontal groove. One is projected towards the other 
with a speed of 50 cm. per sec. If the coefficient of restitution 
between the balls is 0-75, calculate the velocities of the baUs 

after impact, and the loss of energy in the system during impact. 

Let the velocities after 

Before so 

impact 








impact be Vj for the ball 
initially at rest and for 
the other. 

The coefficient of restitu- 
tion is the ratio of the 
relative velocity after impact to that before impact. 

Vi—Vz 


After 

impact 



0-75= 


60 


The total momentum before impact must be the same as after. 

50m=mVi-\-mv2 or 50=Vi+V2 . 

aU the signs being positive because all the velocities are m tne 

same direction. 

Substituting for Vj in the first equation: 

(5 0— Vg) — tJg 
50 


0-75= 


37-5=50— 2tJg 
t>2=6*25 cm. /sec. 


Vi=43*75 cm. /sec. 


Initial kinetic energy of the system — 


1 g 


=^X 20x50* 
=25,000 ergs 
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Final kinetic energy = 


1 


=^x20(6-25*+43*752) 

= 10(391 + 1914) 

= 19,531 ergs 

Loss of energy during impact=25, 000-19, 531=5469 ergs 


33. 

A mndjass with an efficiency of 85 per cent, is used for raising 
a load of 1 cwt. If the diameter of the drum on which the rope is 

« 18 in., 4at 

force must be apphed to the crank arm to raise the load? 


The efficiency of a machine is equal 
to ^ 

( Mechanical Advantage \ n^r 

In a windlass, 

Velocity crank arm 

radius of drum 


_112 
E 

where £ is the effort in pounds weight. 

86=li?> 



xlOO 


jp 11200 


22 0 lb. wt. 
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34. 

A screw-jack has a screw of pitch ^ in. turned by a handle 
having an arm 2 ft. long. If the efficiency of the screw-jack is 
40 per cent., what is the greatest load which can be raised on it 
by a man capable of exerting an effort of 50 lb. wt. on the end 
of the handle? 


Efficiency 

of a machine 


( Mechanical Advantage . 

Velocity Ratio 


If L stands for the maximum load in pounds, 

Mechanical _ load _ L 
Advantage effort 50 

, Distance moved through by effort in 1 revn 
Velocity Ratio= — 


Pitch of screw 


40= 


27rx2xl2| 

— 0-5 

= 9077 

Lx 100 


L= 


50X9077 
40 X 50 X 9077 


100 

=0033 lb. 

=2 tons 13 cwt. 97 lb. 


35. 

The mass of 1 cu. ft. of water is 02-3 lb. The specific gravities 
of paraffin oil and lead are 0*80 and 11-4 respectively. Give the 
densities of these two substances in both British and metric units. 

Recalling the definitions of specific gravity and density, we 
see that if is the density of water and the density of a sub- 
stance of specific gravity s, then 

Since in the metric system the density of water is 1 gm./c.c., 
therefore 

p^=8 gm./c.c. 

that is, density and specific gravity are numerically equal. 

Therefore the densities of lead and paraffin oil are 11-4 gm./c^ . 

and 0-80 gm./c.c. respectively. 
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But ill the Briiiah system, the density of water beinff 
62-3 Ib./cu, ft., we have 

/Jj=(62-3x 5) Ib./cu. ft. 

Whence the required densities are : 

Paraffin oU /)=(62-3x0'8) Ib./cu. ft. 

= 49-8 Ib./cu. ft. 

Lead />=(62-3x 11-4) Ib./cu. ft. 

=710-2 Ib./cu. ft. 


36 . 

P ^ limbs vertical is about half filled with water. 

Paraffin oU of specific gravity 0-8 is then poured into one of the 
hmbs to a depth of 5 cm. How far will the water rise in the other 


In the diagram AB represents the 
onginal water level, ED is the column of 
oil 5 cm. long, and C is the final water 
level ui the other limb. 

Since the tube may be assumed of 
ui^orm bore, the length of water A 

AC= constant, and therefore _ 

By the laws of hydrostatics, the 
pressures at D and F are equal, so that 
the column of water CF exerts the same 
pressure as the column of oil E D. 

CFxl=5xO*8 

CF=4 cm. 

1 


C 


a 


• * 



A 




5 

cm 


and. since CA=-CF. CA=2 cm. 

water will rise 2 cm. in the limb nf the U-tube. 


37 . 


water^ What i8*°ite de^ty^ ^ gm. in 

Principle, whSeby^^mly^’eq'Lte theT 

to the weight of water it Laplaces. ^ ^ Vfeight of the metal 
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Let the volume of the metal be V c.c. 

The loss in weight =(178*5 — 157*6)=21*0 gm. 

The volume of water displace<i= V c.c. 

The weight of water displaced=K gm. 

21*0=7 

The volume of the metal is 21*0 c.c. and its density 


178*5 


gm./c.c. 


21 

=8*5 gm./c.c. 


38 

A cubical block of wood whose edges are 1 ft. long floats (a) m 
water and (6) in paraflSn oil. What depth of wood is below the 
surface of the liquid in each case? The densities of wood and 
parafl&n oil are 0*6 and 0*8 gm. per c.c. respectively. 

Considering the general case— if />, and are the densities of 

a floating body and of the liquid in which it is floating, and if 
7 is the volume of the body and v the volume immersed, 
the loss in weight of the body=p^7 — 0 

since its weight when floating is zero. 

The weight of liquid displaced=p^v 

and by Archimedes’ Principle />, 7 =/>^v 

V 

V~Pl 

a result which is easy to remember: The ratio of the 
immersed to the total volume equals the ratio of the density OJ 

the soUd to that of the Uquid. 

Assuming that the cube floats with one pan of faces parallel to 
the liquid surface, and letting d stand for the depth immersed : 

(a) d=7-2 in. 


12 


1 
0*6 
'o-8 


d=9 in. 


^^A piece of glass tubing 30 cm. long, sealed at both en^. weighs 
15 gm. in air and just floats, completely submerged in water. 
If the density of glass is 2*5 gm./c.c., what are the mtemal and 

external radii of the tube? 
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Let the internal and external radii be r and B cm. respectively 
By Archimedes’ Principle: 

Loss in weight=Weight of water displaced 
15-0=30 

(When floating, its weight is zero.) 



-R=0*399 cm. 

Mass of glass=2-5x30x Tr(i?2-r2) 

=15 gm. 

j^_5-2 

27r Qtt IOtt 
_ 3 
31-42 

r=0‘309 cm. 


40 . 

s tt -i^ht ii/r 

specific gravity of the metal.^^ restore balance. Calculate the 


Let the volume of the 
metal be V c.c. and its 
specific gravity a. Let the 
mass of the weight be M gm. 

Then, taking moments 
about the point of balance: 



60Fa=48if 

By Archimedes’ Principle 
when the metal is immersed 
m water, its loss in weight is 1 

y gm. and its weight in 
water (7s- P) gm. 
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Taking moments again about the knife-edge : 

50(F5 — F) = (48-6)Jl/ 

Dividing this equation by the first: 

Vs — V 42 
~~Vs~~~48 
s—1 7 

5 “8 

5 = 8 

The specific gravity of the metal is equal to 8. 


41 . 

A Nicholson’s hydrometer of mass 150 gm. needs an addition 
of 12*5 gm. to sink it in water to the standard mark on the stem. 
In brine, a further 13*0 gm. are needed to sink it to the mark. 
What is the specific gravity of the brine? 

Suppose the hydrometer displaces F c.c. of liquid when 
immersed to the mark. 


Then the weight of water displaced =F gm. 

The loss in weight in water =(150+12-5) gm. 

since the weight of a floating body is zero. 

By Archimedes’ Principle F=162-5 

L#et the specific gravity of the brine b,e S. 

Then the w’eight of brine displaced =(162*5x5) gm. 

The loss in weight in brine =(150+12*5+13) gm. 

• By Archimedes’ Principle 

162*5x5=175*5 


5= 


175-5 


162*6 
= 1-08 


The specific gravity of the brine is 1*08. 
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42 . 

A Nicholson’s hydrometer sinks in water to the standard mark 
when 11-20 gm. are placed in the upper pan. When a piece of 
wood is placed in the upper pan, the weight required to sink the 
hydrometer to the mark is 8-93 gm. When the wood is tied to 
the lower pan with fine thread 12-43 gm. are required to sink 
to the mark. What is the density of the wood? 

The Nicholson’s hydrometer is here being used as a balance to 

weigh the wood in air, in the upper pan, and in w'ater, in the 
lower pan. 

Weight of wood in air =11-20— 8*93=2-27 gm. 

Weightofwoodinwater=ll-20— 12-43=— 1-23 gm. 

Loss in weight =2*27-(-1.23)=3-50 gm. 

By Archimedes’ Principle: 

Weight of water dispIaced=3-50 gm. 

Volume of water displaced=3-50 c.c. 

Volume of wood =3-50 c.c. 

Density of wood = mass weight i n air_ 2-27 gm. per 

volume volume ~ 3*5 c.c. 
=0-65 gm. per c.c. 



=6+(27rx0-25*) 0.0. 



58 
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In the liquid of specific gravity 0-95 the volume immersed 

=5-\-{IitxO-25^) c.c. 
where I is the length of stem immersed. 

5+ (2 TT X 0-252)=0-95[5+(Z7r X 0-252)] 

5(1— 0-95)=0-0625 77(0-95^—2) 



The hydrometer Tvill sink to a depth of 3-45 cm. above the bulb 
in the liquid of specific gravity 0-95. 

44 . 

What load could just be lifted ofiF the ground by a spherical 
balloon 2 metres in diameter containing hydrogen at atmospheric 
pressure if the mass of the envelope and fittings is 100 gm.? 

Density of hydrogen=0-090 gm. per litre; density of air=l-29 
gm. per litre. 

Suppose that a load of m gm. can just be lifted off the ground. 
In applying Archimides’ Principle to a balloon problem, it 
must be borne in mind that when the balloon is floating in 
equilibrium it weighs nothing, and its loss in weight is there- 
fore equal to the total weight of balloon, load and contained gas. 
So by Archimedes’ Principle; 

(Weight of balloon and load) + (Weight of gas) 

= (Weight of air displaced) 
If the volume of the balloon be V and the densities of hydrogen 
and air and then 

(Weight of balloon and load)+ Vpa 

(Weight of balloon and load) = V {p^—p^ 

Thus the total lifting capacity of the balloon is equal to the 
product of its volume and the difference between the densities 
of the gases inside and outside. 


h. 
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In this problem then : 

100+m=^|xy 
88 


) 


X1003 J(0-00129-0-00009) 


=^xl0«x0-00120 

=5029 
m=4929 gm. 


45. 

A captive balloon contains 400,000 litres of hydrogen. If the 
mass of the envelope, rigging, etc., is 100 kgm., how high would 
the balloon ascend if the cable, of mass 50 gm. per metre, by 
which it is secured, remains vertical and the pressure inside the 
balloon, by the operation of a valve, is always equal to that of 
the surrounding atmosphere? Assume that the temperature is 
0 C. at all altitudes, and that atmospheric pressure is equal to 
76 cm. of mercury at ground level, decreasing by 7-6 cm. for 
each kilometre increase in altitude. 

The densities of air and hydrogen at N.T.P. are 1-29 and 0-090 
gm. per litre respectively. 

From Ex. 40, we may write: 

Total lift of balJooa= Vip^~p^), where V is the volume of the 
balloon and and p^ are the densities of the hydrogen within 
the balloon and the air surrounding it. 

If A is the height in kilometres reached by the balloon the 

(76-7-6A) cm., and the densito are 


/>fl=l-29x 


(76- 
76 
(76- 
76 


Pa=0-09 X 

Therefore P 

the total lift=400,000 


g per litre. 

6 P®*" 

loj 


1*29 ( I 


009 1 


=400,000x1 -20 X 


H)- 





60 
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As the balloon is in equilibrium, this must equal the weight of 
the envelope, etc., plus the weight of lOOOA metres of cable. 

. /50xl000A\ /, h\ 

100+50A=480-48A 
r 380 

=3-88 km. 


46. 

The weight in air of a piece of cork obtained wth a reliable 
balance using brass weights is 45*75 gm. What is the true mass 
of the cork? 

Density of brass=8*5 gm. per c.c. 

Density of cork =0*25 gm. per c.c. 

Density of air =0*00129 gm. per c.c. 


Owing to the buoyancy of the air, the weights in air of the 
cork and the brass are less than they would be in a vacuum. 

By Archimedes’ Principle, the loss in weight is equal to the 
weight of air displaced. 


TT 1 ru 45*'75 
Volume of brass=- 77 -= — c.c. 

0*5 

= volume of air displaced by brass 
.*. Weight of air displaced by brass 

= 0 . 00129 ) gm. 

=loss in weight of brass 
Weight of brass in air 

75 


=45*75 


"V 8- 


g X 0 00129) gm. 


000129\ 
=46*75(^1 

= weight of cork in air 
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Approx, volume of cork 

45-75 

“0-25 

=voIume of air displaced by cork 
Weight of air displaced by cork 


( 45*75 \ 

^xooornjgm. 


=loss in weight of cork 
Weight of cork in vacuo 

= (weight in air) (loss in weight) 


Lr:n/i 000129\1 /45*75 \ 

=45-75^1 


0 00129 , 0-00129\ 

8-5 0-25 ) 

=45*75(l+0-005ll) 

=45-75+0-234 gm. 

.•. Truenias5ofcork=45-98 gm . 

47. 

Calculate the radius of a capiUary tube if when it is dipped 

verticaUy mto a beaker of water, the water stands 3-5 cm. liigLr 

m the capillary than m the beaker. The surface tension of water 
13 16 dynes per cm. 

Working this from first principles: 

The volume of water in the tube above the level 
of water in the beaker 

= ’^*x3-5c.c. 

(ignonng a very small correction due to the curved 
meniscus). 

The weight of this column of water 
m. • , , =wr*x 3-5x981 dynes 

T.nii^ “V*®* ^ opposite to the upward 

27Tr x73 = ttt® X 3*6 x 981 

2x73=rx3-6x981 

r=0-0426 cm. 
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48. 

Air is bubbled into water through a vertical capillary tube of 
radius 0-5 mm., the end of which is 10 cm. below the surface. 
What is the minimum pressure of air required? 

Surface tension of water=75 dynes per cm. 

(Assume that each bubble breaks away from the end of the 
tube when its diameter equals that of the tube.) 


O 

O 




/Ocm 


I 


Pressure in the water 10 cm. below the surface 

= (10x981) d)mes/cm.2 

IT 

Pressure inside bubble of radius r is — in excess 

r 

of that outside. 

.•. Pressure inside bubble of radius 0*05 cm. at 
end of tube 


-[( 


— ^^+(10x981^ J dyne/cm,2 


= 12,810 dyne/cm. 2 


And this is the minimum pressure required to blow air out 
of the tube. It may also be expressed as 

12,810 


or 


981 

1306 

13-6 


= 13*06 cm. of water 


=0*960 cm. of mercury 


49. 

A capillary tube is attached below the tap of a burette and 
the times taken for various liquids to run out of the burette from 
the zero to the 20 c.c. division. The times for water, alcohol and 
paraffin oil are 12, 15 and 30 seconds. If their respective densities 
are 1*00, 0*97 and 0*80 gm. per c.c., and the coefficient of vis- 
cosity for water at the temperature of the experiment is 0*01 
poise, what are the viscosities of the other two liquids? 
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Poiseuille’s equation for the volume of liquid flowing per 
second through a capillary tube is 

V irPr* 
t 

in which V is the volume flowing in t seconds through a tube of 
radius r and length L xmder a pressure P, -q being the coefficient 
of v^cosity. In this problem r and L are constant and P is pro- 
portional to p, the density of the liquid. So we may 'ivrite: 

i q 

where ZT is a constant 
And for equal volumes 



P 


where K'=— 

K 

For water 


12 


■ ^'=.^=1200 


And therefore for alcohol 


and for par affin 


1200n 

^ 9 ^* ’?=0 012 poise 

on 120(>ij 

’?=0 020 poise 


50. 


Th.'sX“tS k; s.?. ““iS “ * “ 
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The resultant vertical force on the sphere is equal to its weight 
minus the buoyancy of the liquid minus the viscous retarding 
force. When the velocity has reached its maximum value (called 
the terminal velocity) this resultant force must be zero. 


i.e. 

W—B—F=^0 

where W is the weight and B the buoyancy. 


Now 


1F= volume x density of steel x 


B~ volume X density of oil X ? 

(Archimedes’ Principle) 
F=67Tr}rVt 

Vt being the terminal velocity. 

4 


• • 


g7rr3^(Pl— P 2 )— 


)-V 

2 X 01 X 981x6-83 
~ 9x15 

=0-993 cm. per sec. 


51 . 

A steel ^vi^e 3 metres long and 1 mm. in diameter is suspended 
by one end from a rigid support. By how much will the wire 
extend if a load of 10 kgm. is suspended from it? How much 
work has been done in producing this extension? Young s 
modulus for 8teel=2 x lO^® dynes per sq. cm. 


Let the extension be e cm. rir^ir,^ 

The stress (force per unit area) due to the addition 01 10 Kgm 


10,000x981 

” TTXO-OS* 


dyne/cm.® 
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The strain {extension per unit length) 


• • 


300 

10^x981 300 

strain 7rx00025^ e 


6 = 


3x981x10^ 
27rx0 0025xl0“ 
=0*187 cm. 


The work done = 


= (average force) x (extension) 

10,000 

= — ^X981x0187 ergs 
=918,700 ergs. 


a 



HEAT 


Convert the following temperatures to the Fahrenheit scale: 
40® C., —5® C., —20® C. 

X 40 ^ F. deg. above F.P. 

= (32-1-72)® F. 

= 104° F. 

—5® C.=5 C. deg. below F.P. = (^x5 j F. deg. below F.P. 

= (32-9)® F. ' 

= 23® F. 

-20® C.=32-^?x20^ 

= -4® F. 


Convert the following temperatures to the Centigrade scale: 
36® F., 9® F., -18® F. 

36® F.=(36— 32) F. deg. above F.P, 

= ^^X4^ C. deg. above F.P. 

= 2-2® C. 

9® F.=5(9-32)® C.= -12-8®C. 

—18® F.=®(-18-32)® C.= -27-8® C. 


40® C.=40 C. deg. above F 




53 . 

(а) What temperature has the same value on both the Centi- 
grade and Fahrenheit scales? 

(б) For what temperature is the Centigrade value twice the 
Fahrenheit value? 

(c) For what temperature is the Fahrenheit value twice the 
Centigrade value? 



HEAT 


Let the Fahrenheit and Centigrade readings by /and c respec- 
tively. 

Then in each such problem we have to solve two simultaneous 
equations in / and c. 

One of these equations is always the same and is the conver- 
sion equation used before : 

(/-32)=|: 

The other equation is an expression of the conditions stated 
in the particular problem. 

(a) c=f I o 


|:=/-32 5^=/--32 

'' 9/=5/-160 

... /=_40®F. 


= -40® C. 


^=2/ 1 18 
|c=/-32 y/ 


=5/-160 


/=-12-3°F. 
c=— 24*6® C, 


2c=f 


32 10^ 


=6/-160 


••• /= 


320® F. 

160® a 


54. 

thermometer reads 1-5® G. in melting ice and 

. ^ boiling at 76 cm. pressure Aasnm 

SI Si ^ ui^orm what is the correct temperature when 
the thermometer reads: (a) 20® C., (6) —IQ® c.? ^ 
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Zero error = 1 .5 ® 

Zero correction =—1.5® 

Fundamental Interval ={99-4—l’5)=97-9 divisions 

Fundamental Interval error = — 2-1 ® 

Fundamental Interval correction=+2’l® in 100® 



Sta^e (O ' 


=+0'021®per 1® 

(а) For a reading of 20®, true 
temperature 

=20-l-5+(20x0021) 

=20— (1-5— 0-42) 

= 18-9® C. 

(б) For a reading of —10®, 
true temperature 

= — 10-(l*5+0-21) 

= -11-7® C. 



This type of problem may 
be very conveniently solved 
graphically. The freezing- 
point and boiling-point cor- 
rections are plotted against 
their appropriate readings 
and the resulting two points 
are joined by a straight line, 
which provides a graph from 
which the total correction 
at any temperature may be 
read directly. 


55. 

By how much will a steel rail, 20 metres long, expand when 
heated from 10® C. to 15® C.? 

CoeflScient of linear expansion of 8teel=0'000012 per deg. C. 
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Expansion of 1 metre of steel heated through 1® C, 

=0 000012 metre 

Expansion of 20 metres of steel heated through 5 ® C. 

=(0-000012x5x20) metre 
=0-0012 metre 

=0-12 cm. 


56. 

glass rod and a steel rod are of equal length at 0® C. At 

100 G. they differ in length by exactly 1 mm. What was their 
length at 0® C.1 

The coefficients of expansion of glass and steel are respectivelv 
8 and 12 x 20 « per deg. C. r / 

From the general expansion equation 

= i’e ( 1 d- of ) 

we have for the glass rod 

gLi=Lo[l + (0-000008 X 100)] 
and for the steel rod 

. + ( 0-000012 X 100)1 

and since 

fZ»=0-l cm. 

0-1 =£o[(l +0-0012) —{1+00008)1 

=0-0004Z;o 

" 0-0004®“- 
=260 cm. 


57. 

S',?'?! 7 

equal! The ** "-ere 

oofffio“n?:f ewon^h^! 1*- the greater 

15° C. Let it b?«^boTe!*^ required temperature must be above 
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For each rod: 

50-2(1 +0*000012<) = (50-2-0-015)(H-0-0000190 
50-2 +0-000602(=50-185 +0-000954( 

0-015=((0-000954— 0*000602) 
e=42-7 


.*. Temperature at which rods were of equal length 

=57*7® C. 


58 

Two straight thin bars, one of aluminium and the other of 
steel, are joined together at 0® C. side by side by short steel 
cross-pieces 1 cm. long, the centre lines of the bars being 1 cm. 
apart. When heated to 100® C., the composite bar becomes bent 
into the arc of a circle. Calculate the radius of this circle, taking 
the coefficients of expansion of aluminium and steel as 25 and 
11 X 10-® per deg. C. respectively. 

At 100® Cm owing to expansion of the cross-pieces, the distance 
between the centres of the bars becomes 1-0011 cm. 

Referring to the diagram : 

Lt=vR 

La=e{R-\-\-0Qn) 

La Jg+1001^ _T 

Lr^ i? 

also 

L„ i;jl-{-flOOxO-Q00025)] 
Za “io [1 + (100 X 0-000011)] 
1-0025 

"1-0011 i.Qoii 1.0025 
— R 1-0011 

1 0011 1 0025—1-0011 0-0014 

1-0011 



4 


1-0011 


R 


R 


R= 


” 1-0011 
(l-OOll)"* 


0-0014 
1 0022 
"0-0014 
=716 cm. 
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59 . 

Two clocks, having iron and brass pendulums respectively 

^^ffeVat^2?'c ^ 

Coefficient of ^ear expansion of iron=12xl0-« per dee. C. 
Coefficient of linear expansion of brass=18 x 10-* per deg. C. 

Of '“g«* ‘h" periodic time is 



holds for an actual clock pen- 

may™ " “"“P'®” 


jj_ l + (20x0000 0 1 8) 

i+(20x0-000012) 

= ld-20(0-000018-0-000012) approx * 
= 1 00012 


* ' 

'Z 1 '00012=: 1 -00006 approx.* 


Subtracting 1 from each side: 


-=0 00006 

pen5ui‘S:.s'ro‘MOoS:tTs tte'cT^k 

sec. per sec. and bvVoonofi hI,® ^ «*00006 

having the faster rate. ^ pendulum 

The difference per day is therefore equal to: 

0*00006 x 24 x 3600 sec. 

=6*18 sec. 


60 . 

20“ C^'fa^e'atedto 100“ V“nd 

ro luo c. and is prevented from expanse 

• See p. 12. 



WOEKED EXAMPLES IN PHYSICS 


72 

by fixed contact pieces at the ends, exactly 80 cm. apart. Find 
the reactions at the ends at 100® C. if the coefficient of linear 
expansion of steel is 0*000011 per deg. C. and Young’s modulus 
is 2 X 10^^ dynes per sq. cm. 

If free from restraint, expansion of rod 

=80x80x0*000011 cm. 

=0*0704 cm. 

The required reaction equals the force required to shorten the 
rod by this amoimt. Let force=F dynes. 


Then 


2x10^2= 


8 tre.qs in dyne/cm. 
strain in cm. /cm. 

F 80 

X 


F= 


ttX 2* 0*0704 
4 X 3*142 X 0*0704 x 2 x 10»* 


80 

3 142x00704xl08 
" 981 

=22,550 kgm. wt. 


dynes 


kgm. wt, 


61 . 

It is desired to use glass capillary tubing of bore 0*2 mm. m 
the construction of a Centigrade mercury thermometer rea^g 
from —10® C. to 100® C., in which the degree divisions shaU be 
2 mm. apart. What must be the capacity of the bulb? 

The coefficients of cubical expansion of mercury and glass are 
0*000182 and 0*000025 per deg. C. respectively. 

Assuming that the —10® division is to he at the junction of 
the bulb and the stem, we may say that, if K is the volume of 
the bulb and stem up to the zero mark, the expansion ol v c^. 
of mercury heated from 0® to 1® must equal the volume of 2 mm. 
of the stem, remembering that we must use the coefficient oi 
apparent expansion of mercury in glass. 

V X (0*000182— 0*000025) = TT x (0*01)* X 0*2 

3*142x0*0001 x0*2 
0^000157 
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0*00006284 
~ 0*000157 
=0*400 c.c. 

The volume of the bulb must therefore be this, minus the 
volume of the stem between zero and —10®, 

=0*400-0000628 


=0*399 c.c. 

the density of mercury at 0® C. is 13*596 gm. per c.c., what 
is its value at 60® C. if the coefificient of expansion of mercury 
is 0*000182 per deg. C.l 


1 c.c. of a liquid at 0® C. expands to (l+oi) c.c. at i® C. if 
a is the coefficient of expansion. 

Therefore if />o is the density at 0® C. and pi the density at 
<® C., 

« - Po 

l+at 

It is here sufficiently accurate to use the approximation 

Therefore for mercury: 

P6o=13*596[l-(60x0000182)] 

=13*596(1—0*01092) 

= 13*596-0*149 

= 13*447 gm. per c.c. 

[The correct value of 13*449 is given by using 

13*596 

1+0*01092 

but the error of 2 in the fifth significant figure is small enough 
to warrant the choice of the simpler arithmetic on most occasions.] 

63. 

A vertical glass tube, closed at the bottom, contains mercury 
to a height of 50 cm. at a temperature of 10® C. Find the height 
ot the mercury column at 30® C. 

Coefficient of cubical expansion of mercury 

• 4 . fi* =0*000180 per deg. C. 

Coefficient of Imear expansion of glass =0*000008 per deg. C. 

• Soe p. 12, 
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/O* 20* 

and, substituting these 


The mass of mercury in the tube is 
equal to the product of the volume and 
the density. 

At 10® this equals VioXpio 
and at 30® VaoXpao 

and, since the mass is constant, 


*^10 Xpio — V 30 X/>30 

The volume is the product of the length 
of column and the cross-sectional area of 
the tube. 

So Vio=50xaio 

V30 = X'30 X ^30 

values in the first equation, we have: 


50 X CjQ X />jo — -^30 XC 3 () X P 33 
whence i3o==50x — ®x^^ 

®30 P30 

The change in a involves the coefficient of superficial expan 
sion of glass, which is twice the coefficient of linear expansion. 

a 3 o=flio[l +(20 x 2 xO-000008)] 

°io _ ^ 
ago 1-00032 

also ^io=P3o[1 + (20xO- 000180)] (see Ex. 56) 



Pio 


P 30 

igU^SO X 


1-0036 

1-0036 


1-00032 


=50x1-0036(1—0-00032) approx.* 
=50(1-0036— 0 00032) approx. 

=50-164 

At 30® C. the length of the mercury column is 50-16 cm. 


64 . 

A barometer having a brass scale reads 77-24 cm. at a tempera- 
ture of 20® C. What would be the reading at 0® C.1 

• See p. 12. 
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CoefScient of cubical expansion of mercury 

=0-00018 per deg. C. 
Coefficient of linear expansion of brass =0-000019 per deg. C. 

Consider the two factors affecting the correction : 

(1) Cooling the scale causes it to contract and so increases the 
reading. 

(2) Cooling the mercury increases its density and so decreases 
the reading. 

(1) Very nearly the increase in reading due to scale contraction 

equals the contraction of 77-24 cm. of brass when cooled throueh 
20® C. This equals (77-24x20x0-000019). ^ 

/f=77-24[l + (20x0-000019)} 

(2) Calling the final corrected height Hq, it is obvious that 

to give equal pressures, and since 

/>o=M1 + {20xO-00018)] 


[1 + (20x0-00018)] 

= if[l -(20x0-00018)] approx.* 

"1 +0-00038][l —(20 X 0-00018)] 
1+0-00038—0-0036] approx. 


=77-24 
=77-24 
=77-24-0-25 
=76-99 cm. 


65. 

of metal weighs 40 gm. in air, 35-200 gm. when im. 
meraed in a liquid at 5 C. and 35-250 gm. at 35® C. Find the 
coefficient of expansion of the liquid if the coefficient of linLr 
expansion of the metal is 0-0002 per deg. C. 

Loss in weight at 5® C. =4-80 gm 

TJ A u- weightat35®C.=4-75gm. 

By Archimedes’ Principle: ® 

Loss m We^ht={yolume of metaI)(Den8ity of liquid) 

4-80= FsXp* and 4-75=^35 xp3A 


4-80 V 


^35 


35 

Fs 


4-75 ■ 

4-80 „ 

+ (30 X 0-00006)]t 


* n m . • See p. 12. 

t Coefficient of cubical expanflion=3 xCoofficient of Imear 


expansion. 
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=^X 10018 

4*76 

But since density is inversely proportional to the volume of 
a given mass : 

-^=l+30a 

(4-80x1*0018) —4-75 

4*75x30 
=s 0-00041 per deg. C. 

Note that the same result would be obtained by calculating 
the coefficient of apparent expansion of the liquid and addmg 
the coefficient of expansion of the solid, thus : 

=0*00041 


a= 


**What will be the final temperature when 7 lb- of water at 
150® F. are added to 10 lb. of water at 55® F. and thoroughly 

stirred? i . j- 

Neglecting any heat lost to or gained from external bodies, we 

may .^^ater=Heat gained by cold water 

If the final temperature is i® F., then ryrvuni 

7x( 150— i) = 10x(«— 55) [m B.Th.U.] 

1050— 7i=10«— 550 

1600= 17t 

i=94*l 

The final temperature of the water will be 94*1® F^ 


‘^How many calories are equivalent to a British Thermal Unit? 

(453*6 gm. = l lb.) ^ 

' ^ 1 B.Th.U.=l lb. deg. F. 

=453*6 gm. deg. F. 

=453*6 x^ gm. deg. C. 

5 , 

=463*6 Xg cal. 

=252*0 cal. 
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68 . 

A piecje of metal of mass 124*3 gm. is heated to 100® C. and 
dropped into a copper calorimeter of mass 45 gm. containing 
200 gm. of water at 18® C. After stirring, the temperature of the 
water reaches a maximum value of 25-2® C. Neglecting heat loss 
from the calorimeter, calculate the specific heat of the metal. 
(Specific heat of copper=0'10.) 

Heat lost by metal in cooling _ Heat gained by calorimeter 
from 100® C, to 25*2® C. and water in being warmed 

from 18® C. to 25*2® C. 

124-3xax(100-25-2)=[45x0*lx (25-2—18)] 

-|-[200x(25-2-18)] 
1243 X6 X 74-8= (4-5+200) x 7-2 

204-5x7-2 

^“124-3x74-8 

=0-168 

69. 

What volumes of iron, lead and aluminium have the same 
thermal capacity as a litre of water? 

The specific heats of iron, lead and aluminium are respectively 

0-12, 0 031 and 0-22; and their specific gravities, 7-5, 11-4 and 2-7. 

The thermal capacity of a body is the quantity of heat required 
to raise its temperature by 1®; it is therefore equal to the product 
of the mass and the specific heat. 

=fooO^^T capacity 

The product of the mass and the specific heat has to be 1000 
lor each metal, that is 

7na:=1000 

1000 
m= 


or 


s 


The volume is given by dividing the mass by the density : 

w_ 1000 

P p8 

So the required volumes are : 

1000 


for iron 
for lead 


v~ 


t;= 


7-6x0-12 
1000 

ll'4x0-031 


=1111 c.c. 


=2830 c.o. 
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for aluminium v= 


1000 


2-7 X 0-22 


= 1683 c.c. 


70. 

Two exactly similar copper calorimeters, each of mass 50 gm., 
contain 100 c.c. of water and turpentine respectively at a tem- 
perature of 90® C. They are allowed to cool under identical con- 
ditions and it is found that the times for cooling from 70° to 
60° C. are 5 min. 20 sec. for the water and 2 min. 7 sec. for 
the turpentine. What is the specific heat of turpentine? 

Density of turpentine=0*87 gm. per c.c. 

Specific heat of copper=0-10 

The rate of loss of heat from a surface depends on the degree 
of polish of the surface, its area, and its temperature excess with 
respect to its surroundings. As the two calorimeters are identical 
as regards surface polish and temperature (70° to 60°), and ^ 
they contain equal volumes of hot liquid and therefore their 
heated areas arc equal, the rates of loss of heat must be equal. 

For the calorimeter containing 100 gm. of water: 

Loss of heat in 320 sec. = [( 50 x 0 -l) + 100 ]x (70-60) cal. 

Rate of loss of heat= ^ — cal. per sec. 

For the calorimeter containing (100x0-87) gm. of turpentine: 

Loss of heat in 127 sec. = [(50 x 0 -l) + 87s] x (70-60) cal. 
(where s is the specific heat of turpentine) 

Rate of loss of heat= - ^ ^27 

105x10 (5+875) X 10 

320 ~ 127 

320(5+875) = 127x105 

/127X105 A. 0-7 

*=(-^20 — 

=0-42 


copper calorimeter of water-equivalent 15 gm., containing 
60 c.c. of hot water, is placed in an enclosure whose walls are 
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maintained at constant temperature, and it is found that its 
temperature falls from 70® C. to 60® C. in 2 min. 45 sec. The 
water is replaced by an equal volume of hot paraffin oil of specific 
gravity 0*80 and specific heat 0*53. What time wiD now be taken 
to cool through the same temperature range, 70° to 60°? 

Let T be the required time. 

Rate of loss of heat of calorimeter and water 

Heat lost in cooling from 70° to 60® 

Time taken to cool from 70° to 60° 

_ (Water-equivalent of cal.+mass of water) x (70—60) 

165 

(15+50) X 10 , 

= jgg cal. per sec. 

Similarly, rate of loss of heat of calorimeter and oil 


_[16+(50x0-8x0-53)]xl0 , 

/p ~ C&rl, 


per sec 


Since equal volumes of the two liquids are used, the same area 
of the calorimeter surface is emitting heat through the same 
temperatime range, and therefore the rates of loss of heat are 
the same m the two cases. 

^ (15+50) X 10 _ [16+(50 X 0-8 x 0-53)1 X 10 

165 T 

^_165x(15+21-2) 

65 

=92 sec. 

The required time is 1 min. 32 sec. 



A can of hot water is stood on a table to cool. Its temperature 

NetSl L^w f T- 30 Assuming 

^e^n 8 Law of coolmg to hold, how long ivill it take for the 

the mean temperature of the surroundings is 15® C.? * 


According to Newton’s Law, the rate 
to the excess temperature of the hot 
surroundings. 


of cooling is proportional 
body ^vith respect to its 
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From 60® to 50®: 

Mean temperature 
Mean excess temperature 

From 50® to 40®: 

Mean temperature 
Mean excess temperature 

By Newton’s Law: 


KKO 

= (55®-15®) 

=40® 


=45® 

= (45®— 15®) 
=30® 


Rate of cooling from 60® to 50® 40 

Rate of cooling from 50® to 40® 30 


The rate of cooling over a period T sec. is 



Fall of temperature in T sec. 

T 



(a) If Ta is the time taken to cool from 50® to 40®, 



10 

630 * 10 3 

Ta=840 sec. 
= 14 min. 


(6) Similarly, if Tb is the time to cool from 40® to 30®, 



Tft=i260 sec. 
=21 min. 


73. 

If the latent heat of steam is 540 cal. per gm., 
in B.Th.U. per lb.? 


what is its value 
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Let there be M gm. to a lb. 

Then the latent heat of steam = 540 x cal. per lb. 

=540 X if gm. deg. C. per lb. 


540 X if 
if 

540xif 

ifXg 

9 


lb. deg. C. per lb. 
lb. deg. F. per lb. 


=540Xg lb. deg. F. per Ib. 


=972 lb. deg. F. per lb. 
=972 B.Th.U. per lb. 


74. 

150 gm. of water are introduced into a calorimeter of mass 
53 gm. and the temperature is observed to be 25^ C. Dry ice is 
then carefully dropped into the water untU the temperature has 
fallen ^ 15® C. The total mass of the calorimeter and contents 
16 found finally to be 219-3 gm. What is the water equivalent of 
the calorimeter? (Latent heat of fusion of ice=80 cal. per gm.) 

Mass of ice introduced =219*3-150-53=16-3 gm. 

X be the water equivalent of the calorimeter. 

Heat gained by ice in melt. Heat lost by calorimeter and 

i"®, warmed* water in cooling from 25® C. 

C. tol5®C. 

(16-3 X 80)-f-(16-3 X I5)=(a: x 10)+(150 x 10) 

I6-3x95=10a:+1500 

^_(16-3x95)-1500 

10 

=4-85 gm. 

75. 


ice is meX^A ^ a mixture of ice and water. untU all the 

to be 217^'™ oaloruneter and contents is then found 

®ow much .cc was originaUy present in the 


9 
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Latent heat of fusion of ice=80 cal. per gm. 

Latent heat of steam =540 cal. per gm. 

So long as any ice remains, the temperature of the mixture 
will be 0* C. The temperature therefore is constant throughout 
the experiment and there is no need to consider the water 
equivalent of the calorimeter. 

The mass of steam condensed is equal to 

[217*5-(55+150)] gm. 

= 12*5 gm. 

Let the mass of ice present be x gm. 

Then : Heat lost by steam in con- Heat gained by ice in 
densing and being cooled= being melted 
to 0* C. 

{12-5 X 540) + (12-5 X 100)=80 x a: 

640x12-6 

80 

= 100 

The mixture of ice and water contained 100 gm. of ice. 


76. 

A piece of metal of mass 1-2 gm. is heated to 100® C. and 
dropped into a Bunsen ice calorimeter, causing the mercury 
thread to recede a distance of 3 cm. in the capillary tube of 
1 sq. mm. cross-section. Calculate the specific heat of 
taking the densities of ice and water at 0® C. as 0-917 and LOGO 
gm./c.c. respectively. (Latent heat of fusion of ice=80 cal./gm.) 

Contraction of mixture of ice and water caused by the melting 
of some of the ice 

=(3x0-01) c.c. 

=0-03 c.c. 

Contraction of 1 gm. of ice on melting 

= (Volume of 1 gm. of ice) 

— (Volume of 1 gm. of water) 

= (o4-7-0 

0-083 


0-917 


c.c. 



Mass of ice melted 


Heat gained by ice 
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=0-0905 c.c. 
0-03 
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0-0905 
03 


gm 


=(- 

\00 


This must equal the heat lost by the metal 

1 rt i/NA 0-03x80 

0*03 X 80 

*“0-0905x1-2x100 

= 0-22 


77. 

In a continuous flow calorimeter, a heating current of 1-5 amp. 
causes a temperature rise of 10® C. with a flow of liquid of 15-74 
gm. per minute, the potential difference across the heating coQ 
being 6 0 volts. In a second experiment, the same rise of tem- 
perature is produced with a current of 2-0 amp., a flow of 34-35 
gm. per minute and a P.D. of 8-0 volts. Calculate the specific 
heat of the liquid. J'=4‘18 joules per calorie. 

^ Since the temperatures are the same in the two experiments 
It IS re^onable to suppose that the same rate of loss of heat occurs! 
Let this be k calories per second. The quantity of heat available 

from IV watts is — cal. per sec. 

1*6x6 10xl6-74xs , ^ " 

4-18 60 

specific heat of the liquid. 

2x8 10x34-36xs , 

4-18 60 

16-9 lOx 18-61 x« 

4*18 60 

a=0-54 cal./gm./® C. 


where s is the 
and 

subtracting, 
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ater is boiled in a rectangular steel tank, the bottom of which 
is 5 mm. thick. If the water level falls steadily at the rate of 
1 cm, in 5 minutes, what is the temperature of the lower surface 
of the tank? 

Thermal conductivity of 8teel=0*12 cal./cm./sec./deg. C. 

Latent heat of steam =540 cal. per gm. 

Let the area of the bottom plate of the tank be A sq. cm. and 
the temperature of the lower surface d®. 

Since the temperature of the upper surface, in contact with 
the boiling water, may be assumed to be 100® C., 

Temperature gradient in the steel plate 0*5^^ 

The heat passing by conduction through the plate is sufficient 
to vaporize A c.c. of water in 5 min., or A gm. in 5 min. 

This requires 540.4 calories in 5 min. 

The rate of flow of heat through the plate is: 

Q 640^ , 

T=53^ 

Substituting in the conductivity equation 

Q kA{d^-e^) 


we have 


640 


5x60 
0 - 100 = 


=0'12x.4x 


(^- 100 ) 

0-6 


9 

1-2 
=7-5 

0=107-5® C. 


79. 

The walls of a room are formed of parallel layers in contact of 
cement, brick and wood of thicknesses 2, 23 and 1 cm. respect 
tively. Find how much heat passes by conduction through each 
square metre of wall per minute if the temperatures of the air m 
contact with the wall are — 5® C. outside and 20® G. inside. The 
coefficients of thermal conductivity for cement, brick and wood 
are 0 0007, 0 006 and 0-0004 c.g.s. units respectively. 
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It is necessary to realise that in a 
composite slab such as we have here, 
the rate of flow of heat is constant 
throughout the slab when conditions 
have become steady; otherwise there 
would be an accumulation or a 
diminution of heat at the interfaces. 
Considering the electrical analogy, 
we may say that the three layers are 
“in series” and therefore carry the 
same “current.” 

Applying the conductivity equation 

q^ kA(6,-e,) 

t a 




and calling the temperatures at the interfaces $ and 6\ 


Q 00007 xlO«x (0+5) 

( 2 * 
g 0*006 xlO<x(0'-0) 
f 23 ’ 

Q 00004 X 10* X (20-0') 
t 1 * 


(0+5) = 
(0'-0)= 
(20-0')=^ 


2^ 

7( 

23g 

60t 

Q 

42 


Adding the three equations 
eliminates 0 and 6 ‘ : 


25 


2 \ 7 ^ 60 ^ 4 / 


• « 


t 

Required rate of flow of heat= 


Q 

t 


386 


420 

27-21 cal./sq. Ta.js&c. 
1633 cal./sq. m./min. 


80 . 

Water flows at the rate of 440 gm. per minute through a glass 
tube 60 cm. long surrounded by dry steam at 100“ C., the inlet 
and outlet temperatures of the water. ;being 20® and 45® C. re- 
spectively. If the external diameter of ^e lube is 1 cm., ‘what 
IS Its internal diameter? tVhat is the niinidum rate of flow' of 

steam reqmred to ensure that every part of the tube is sur- 
rounded by steam? 

Thermal conductivity of glass=0 0015 cal./sec./cm./deg. C. 
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In the conductivity equation 

Q_ kA{9^-di) 

t d 

-y equals the rate of absorption of heat by the water 


440 X (45— 20) 


cal. per sec. 


A is the mean of the area of the surface of the tube exposed 
to the steam and that in contact Tsith the water 


r 7r(l+X>)x60“| 

2 J 

D being the internal diameter. 

(^i~^ 2 ) = (100“20)® at one end of the tube and (100—45)® 
at the other. Mean 

= (100— 32-6)®=67-6® 
d is the thickness of the walls of the tube 

(1--P) 

— 2 cm. 

Substituting these values in the equation, we have: 

(1+i)) 175 

(1— i>)~18-23 

i)=0-81 cm. 

Since heat is being taken from the steam by the water at the 
rate of P®*" gram of steam in con- 

densing yields 540 cal., the mass of steam available must be in 

excess of ( gm. per sec. This is equal to -339 gm. per 
\ 60 X 540 / — 


1 

I sq» cm. 


cm. 


rate of 


excess of ( gm. per sec. This is equal to -339 gm. per 

\ 60 X 540 / — 

sec. ' ' 


81 . 


Find the value of the mechanical equivalent of heat in ft. lb. 
per B.Th.U. given its value in ergs per cal. as 4*18 X 10^. 
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Let there be M gm. to a lb. 

1 ft. lb. = 12x2-54 cm. lb, (1 in. =2-54 cm.) 

= 12x2-54xJif cm. gm. 
s=12x2-54x.^x981 cm. dynes or ergs 

1 B.Th.U.=ifx5cal. 

If 

So J==4-18x 10’x.4f X^ ergs per B.Th.U. 

4-18xl0’x-afx5 

^12x2-54xifx981 B-Th-U. 

=779 ft. lb. per B.Th.U. 


82. 

An aluminium flywheel of radius 7-5 cm. and maaa 1000 em. 
IS ^iven at the rate of 100 revolutions per minute. Its rim is 
braked by a silk band, one end of which carries a load of 2 kgm. 
while the other is attached to a spring balance reading 180 gm! 

^ generated is spent in raising the tempera- 

ture of the flywheel, calculate the rise of temperature per minute. 

Specific heat of aluminium=0-22. 

J=418 X 10’ ergs per cal. 

The difference in the tensions in 
the band on the two aides of the 
wheel is equal to 

^ (2000 — 180) X 981 d3Tiea 

This is the frictional force acting 
on the rim of the wheel. The work 
done per revolution in moving the 
nm against this force is o i i 

(277X7*5x1820x981) ergs — 1 i 

The work done per min. =(100x2.rx7-5xl820 x 981) ergs 

Heat generated per min ^ C^SOOtt x 1820 x 981) 

4*18x10’ 

_(1^X 182x0*981) 

cfil. 



/30a 


m. 
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Rise of temperature per minute in wheel of thermal capacity 
{1000x0-22) cals, per deg. C. 


/l-57rxl82x0-98iy 
\ 4-18x220 / 


=0-914® C. 


83. 

From what height must a piece of lead be dropped if the heat 
generated on impact with the ground is just sufficient to melt it? 
Assume that all the heat is confined to the lead. 

Initial temperature of lead =20® C. 

Melting point of lead =327® C. 

Specific heat of lead =0-030 

Latent heat of fusion of lead=5 cal./gm. 

J=418 X 10^ ergs/cal. 

Let the mass of lead be m gm. 

Heat required to raise the temperature of m gm. of lead from 

20® C. to 327® C. and to melt it 

= (mx0-03x307)-f(mx6) cal. 

= 14-21m cal. 

This is equivalent to 14-21m x4-18x 10^ ergs, which is there- 
fore equal to the Idnetic energy which the lead must possess just 
before impact. This kinetic energy is equal to the potential 
energy which the lead will have lost in falling. 

Let the height from which the lead is dropped be h cm. 

Then the loss in potential energy 

=7«^A= 14-2l7n X 4-18 x 10’ 

, 14-21x4-18x10’ 

981 

=6-054x10® cm. =6-054 km. 


At its rated voltage. lOOv., a 100-watt lamp filament attams 
a temperature of 2600® C., air temperature being 20 C. When 
the P.D. is reduced to 14v. the current through the filament is 
0-4 amp. Use Stefan’s Law to calculate the temperature of the 
filament, assuming that it radiates as a “black body and 
neglecting loss of heat by convection and conducti^^. 

Let the absolute temperature of the filament be T . 

Power used at this temperature=14 x0-4=5-6 watts. 

By Stefan’s Law, energy radiated is proportional to the 
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difference between the fourth powers of the absolute tempera- 
tures of the radiator and the surroundings. 

60 2873^-293* 

5-6” J’^-293^ 

^4-293^=1^(2873^-293*) 

=009333(6-813 x 10“-7-37 x 10*) 

=0-6356 xl0»« 

T*=0-6356 x 10*3+7-37 x 10* 

=6 363x 10*3 
7= ^6-363x103 
log T=\ log 6-363+3 
=3-2009 
I'=1588® A 

= 1315° C. 

85. 

A narrow, uniform glass tube, sealed at one end, contains a 
mercury pellet 5 cm. long. When the tube is held vertically with 
the sealed end up, the length of air column imprisoned by the 
mercury pellet is 25-6 cm. When the tube is inverted, the air 
column is 22-4 cm. long. What is the atmospheric pressure? 

In each position, the pressure below the 
pellet exceeds that above by 5 cm. of 
mercury. 

Therefore, calling the atmospheric 
pressiu-e P, the pressure of the air in the 
tube is (P—5) in the first position and 
(P+5) in the second. 

Applying Boyle’s Law, 
we have : 

(P-5) x 25-6=(P+5) X22-4 
since the volume of the air column is pro- 
portional to its length. 

3-2P=240 

P=75 cm. of m ercury ‘ 

86 . 

A uniform vertical gli^ tube, open at the top and closed at the 
bottom, contains air and a mercury pellet 3-0 cm. long, the lower 






fl 


If 


^224 

cm 


, 



90 WORKED EXAMPLES IN PHYSICS 

end of which is 30*5 cm. above the bottom of the tube when 
the temperature is 5® C. How far will the pellet rise if the tube 
is heated to 100° C. 


! 


303 




The pressure on the air enclosed by the 
mercury pellet remains constant when the 
temperature is raised, being equal to atmo- 
spheric pressure plus 3 cm. of mercury. 

Therefore the air expands at constant 
pressure and by Charles’s Law: 



273 

273+100 
' 273+5 
373 
278 

(the volumes are proportional to the absolute temperatures). 

Suppose the pellet rises h cm. Then, the tube being uniform, 
the volume of air is proportional to the length of air column, and 

30-5+A 373 
“278 

95 


30-5 


30*6 


= 1 


278 


95 


• • 


A=30.5 X 278 
= 10*4 cm. 


The pellet will rise 10*4 cm, 


87 

A collapsed balloon contains 160 cub. ft. of air at atmospheric 
pressure. It is filled with hydrogen from 20 cylinders, each hold- 
ing 8 cub. ft. of the gas at 100 atmospheres pressure, the total 
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capacity of the envelope being 15,000 cub. ft. when fully dis- 
tended. What pressure is exerted by the mixed gases in the 
balloon? 

By Dalton’s law of partial pressures, the pressure of the mixed 
gases is equal to the sum of the pressures which the air and the 
hydrogen would exert if each occupied 15,000 cub. ft. Call these 
pressures pa and p* respectively. 

By Boyle’s Law, 

For the air; 1 x 150=pa x 15,000 

Pa— 0-01 atm. 

For the hydrogen: 

100x(20x8)=pax15,000 

100x160 

Ph=- 1 


Total pressure 


■ 15000 

= 1*067 atm. 

=Pa+p* 

=1*077 atm. 


88 . 

What mass of air will be expelled from a cubical room 4 metres 
high, when it is heated from 15® C. to 20® C.. the pressure re. 

constant at 78 cm. of mercury? The density of air at 
N.T.P. IS 1-29 gm. per litre. 

Since Mass (Jf)=volume (F) xdensity (p) 

■^2o”-^i6=F(p2(j— pi4)s=mass expelled 

Density at 78 cm. and 15“ C.=(l.29x^x||) gm. per litre 


Density at 78 cm. and 20® C.=( 1*29 x 


Volume of room 
Mass expelled 


20“ C.=(l.29x^x||) gm. per litre 
= (40)»=64,000 litres 

_/ 64000xl*29x78x273 \ / 1 1 \ 

\ 76 ) 

_6^00 X 1*29 x 78 X 273 X 5 
76x288x293 

=1371 gm. 


89. 


— V* 


/ J L\ 

y\288 293^ 


volume air thermometer is used to measure the 
tem^rature of a water bath. With the bulb in ice, the mercury 
surface m the reservoir la 21-6 cm. above that at the constS 
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volume mark, and with the bulb in the water bath, the level in 
the reservoir has to be raised a further 13-2 cm, to keep the 
volume constant. The height of the barometer being 75*6 cm., 
what is the temperature of the water bath? 

Since no steam reading is given, we must use the relation that, 
at constant volume, pressure is proportional to absolute tem- 
perature. 

Total pressure of air in bulb at 0® C. 

=75*6+21-6=97-2 cm. 

Total pressure at the temperature of the water bath, say C. 

=75-6+21-6+13-2 = 110-4 cm. 

97-2 _ 273 

110-4“273+« 

273+(=273x^^ 

=310-1 
e=37-l® c. 


Air is introduced into the space above the mercury in a baro- 
meter tube until the mercury stands at 40 cm. when the atra<^ 
spheric pressure is 76 cm. and the temperature 20® C., the length 
of the air column being 45 cm. What would be the height of the 
mercury if the temperature were raised to 40® C., assuming the 
tube to be of uniform boro and neglecting the expansion of the 


mercury? 



20' 40 * 


Any change in the mercury level 
will affect both the pressure and the 
volume of the air in the tube, and so 
we are concerned with a change in 
temperature, pressure and volume. 

The general gas equation is there- 
fore required: 

PV=RT 

PiF, P^V^ 


We have 


7’.=273+20=293® 
7’2=273-b 40=313® 
Pj= 76— 40=36 cm. 
ri=45a 
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where a is the cross-sectional area of the tube. There are two 
unkno^^Tis, Pj they are not independent of each 

other, for if the height of the mercury column is H, 

72=0(85— if) 

the height of the top of the tube being 85 cm. 
and P^=1Q~H 

Substituting in the gas equation: 

36 X 45a (76 -if) x (85 -H)a 

293 “ 313 

if*-161£f+6460=1730 
if*-161H4-4730=0 
The solution of this quadratic is : 

^ 161 j^7l6P-18920 

161i83-7 ^ 

2 

= 121-9 or 38-7 

Only the second solution is possible and therefore the mercury 
stands at a height of 38-7 cm. at 40® C. 


91. 

A closed vessel containing air, water vapour and water is 
heated from 5 to 40 C,, the pressure within the vessel thereby 
rismg from 72-15 cm. to 86-01 cm. Find the saturated vapour 
pressure of water at 40® C. if its value at 5® C. is 6-5 mm 


1 ^ ^ contams water, we may assume that 

r T! constant and that the enclosed air 

remains saturated with water vapour throughout. 

At 5 , the partial pressure of water vapour 

i.- 1 =0-65 cm, 

and the partial pressure of air, therefore 


The pressure of the 
volume, becomes 


=72-15-0-65 
=71-50 cm. 

air, heated from 6® to 40® at constant 


71-5 X 
=71-5 X 


/273-l-40\ 
V 273+6 ) 
313 
278 
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=80-50 cm. 

Since the total pressure at 40* =86-01 cm. 

the partial pressure of water vapour=86-01 —80-50 

=5-51 cm. 

Therefore the saturated vapour pressure of wate r at 40* G. 
=5-51 cm. 


92. 

Calculate the mass of a litre of moist hydrogen collected over 
water at 15* C. when the height of the barometer is 76-5 cm. 
The density of hydrogen at N.T.P. is 0 000089 gm. per c.c., and 
that of water vapour is 9 times that of hydrogen, whilst the 
saturated pressure of water vapour at 15® C. is 1-27 cm. 


As the gas has bubbled through water, it may be assumed to 
be saturated with water vapour at a partial pressure of 1-27 cm. 
The partial pressure of dry hydrogen is therefore 

(76-5— 1-27)=75-23 cm. 

Mass of 1000 c.c. of hydrogen at 15® C. and 75-23 cm. pressure 


= ^0 000089 X 1000 g“- 

Mass of 1000 c,c. of water vapour at 15^ C. and 1*27 cm. 
pressure 


= ^9x0 


273 

000089 X 1000 XtrTTTrX 


Total mass of moist hydrogen 


=(o. 


089x?”x’-^ 


273\ /75-23 9x1-27 
288/1 76 ■*" 76 


288 


OSQxEI^X 


288 


l-27\ 

l-27\ 




cA 


273 86 


=0-0962 gm. 


• 66 \ 


93. 

Calculate the mass of a litre of air at 20® C. and 75-0 cm. 
pressure, the relative humidity being 60 per cent. 
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Saturated vapour pressure of water at 20® C. 

s=l-75 cm. 

Density of water-vapour at 0® C. and 76 cm. pressure 

=0-806 gm. per litre 
Density of air at 0® G. and 76 cm. pressure= 1-293 gm. per litre 

Since the relative humidity is 60 per cent., the pressure of 
water-vapour present in the air is 1 *75 x 0-60 = 1 -050 cm. 

By the law of partial pressures, the mass of a litre of moist 
air at 75 cm. pressure is equal to: 

/ Mass of a litre of water- vapourX , /Mass of a litre of dry air\ 
\ at 1-05 cm. pressure /"^^at (75-1-05) cm. pressure^ 

273 ' 

^ X 73-95)] 

273 

=76;^(0-8^®+95'60) 

= 1'182 gm. 


94. 

oompS“ to" hti? « “"'idenly 

“"pal . volume. Find the change in 

The adiabatic equation 

lw^=const. 

and the general gas equation 

f=eonet. 

may both be applied here. 

Let the original volume be v and the final pressure p. 

Then the final volume is | and from (1) : 




41 
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j)=76x2i-^i 

log p=l-8808+l-41(0-3010) 

=2-3052 
^>=201-9 cm. 

from (2): 

76„ 201 -9x1 

293 293+i 

where t is the temperature rise. 

o93,f- 293x201-9 

2x76 
=389-3 
<= 96-3° C. 

The temperature will rise by 96-3 C. 


95 . 

Find the value of the gas constant H in the equation pv=^RT 
if i> is the volume of 1 gm. molecule. 

Density of hydrogen=0-0899 gm. /litre at N.T.P. 
Density of mercury= 13-59 ^m./c.c. 

AfNTP T — 27.3® 

p={lQx 13-59x981) dyne/cm.* 

t,= volume of 2 gms. of o.c. 

pv /76x 13-59 X 981 x2\dyne cm.® _ _1_ 
^~Y~\ 0-0000899x273 ycm.®‘gm. mol. ’ '’C. 
=8-253 X 10’ ergs/gm. mol, deg. C. 


Deduce a value for J, the mechanical equivalent of heat, from 
the folIo\ving data: 

Specific heat of hydrogen at constant pressure=3-402 
Specific heat of hydrogen at constant volume=2-402 
Density of hydrogen at N.T.P. =0-0899 gm. per litre. 
Density of mercury =13-59 gm. per c.c. 

The specific heat of a gas at constant pressure excee^ that at 
constant volume by the thermal equivalent of the work done in 
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C. against the constant 


HEAT 

expanding 1 gm. of the gas through 1 
pressure. 

That is; 

fj 

where Vq and Vj are the specific volumes (volumes of 1 gm.) 
taken for convenience for expansion from 0® C. to 1® C. 

At constant pressure 




274 


V. 


T« 273 


or 


• • 




274 

273 


since specific volume 


_7>Vo/274-273\ 
J \ 273 ) 

_ PVp 

Jx2n 

_ p 

Jx2lZxpQ 


density 




P 


273/)o(Cp — Cu) 

76x981x 13-59 
^3 X 0*0000899 X 1*000 

=4*127 X 10^ ergs per ea.1 


Q 
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97. 

Two light sources are placed 150 cm. apart and a Bunsen grease- 
spot photometer screen is adjusted to such a position on the 
straight line joining them that the grease-spot disappears. The 
two sources are now interchanged and it is found that the screen 
has to be moved through 30 cm. to cause the spot to disappear 
again. What is the ratio of the intensities of the sources? 



If X and y are the respective distances of the two sources from 
the screen in the first position, they must be y and x respectively 
in the second position. Therefore the distance moved through 
by the screen is {y—x). 

So y— x=30 

and y+a;=150 

(y + a:) — (y — a:) = 1 50 — 30 

2a:=120 
a;=60 cm. 

^=90 cm. 

and the ratio of the intensities by the inverse square law is 

y* 90a 



LIGHT 


99 


98. 

In a Ruraford photometer the shadows cast by a candJe flame 
and an electric filament lamp are equally illuminated when their 
distances from the screen are respectively 20 and 100 cm. A sheet 
of gl^s is now held in front of the electric lamp, which has to be 
moved 8 cm. nearer to the screen in order to restore equality of 
lUummation of the two shadows. How much nearer must the lamp 
be moved if another similar sheet of glass is added to the first? 

If one thickness of glass transmits a fraction p of the licht 
fallmg on it, two thicknesses will transmit a fraction p of p— 

that IS, pK ^ ^ 

By the inverse square law : 


lUU* 


Intensity of lamp = 

=25 candle power 

Apparent intensity of lamp through one thickness of glass 

002 

=2^=^^=2I-16 c.p. 

V p=0-846 

™ p*=0-716 

Apparent intensity of lamp through two thicknesses of glass 

=2^* 

=25x0-716=^ 

, 20* 
where d is the final distance of the lamp from the screen. 

400 x 25 x0-716 

=7160 
(f=84-6 cm. 

■■■ must therefore be mov ed 7-4 cm, nearer to the 



.blrthTi^Cd\nl ft- 

illumination on the ffronnd / ^ *1^0 mtenaity of 

lampa. (6) midway bSweenH 
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(a) The illumination at C due to lamp A 

_ 300 

“AC2 

300 ft 

~3^ tfc- candles 

The illumination at C due to lamp B 

300 - 

cos e 

300 AC 


CB**CB 

300 X 30 
( v^302+402)3 
9000 


ft. candles 


ft. candles 
50* 


Total illumination at C due to both lamps 

300 9000 
”30*"^ 60* 


3 ■ 125 

=0-333+0-072 
=0-405 ft. candles 


(6) Illumination at D due to each lamp 

300 

300 X ED 
” DB* 
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300 X 30 


ft. candles 


_9000 

”46870 

=0*192 ft. candles 

IIlummatioD at D due to both lamps=0*384 ft. candles. 


100 . 

A ray of light passes through the side of a glass tank containing 
water. If the angle of incidence on the glass is 30®, what is the 
deviation of the ray at each refraction? (Refractive indices of 
glass and water, 1*50 and 1*33 respectively,) 

At the first refraction, the Miter 





at^g 

_ l-33 

1-50 

=0-887 
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The angle of incidence on the glass-water surface is equal to r, 
the angle of refraction at the air-glass surface. So, by Snell’s Law, 

sin r 0-333 


0-887 


sin e= 


sin e 
0-333 


sine 


=0-375 


0-887 
e=22® 1' 

And the deviation at the second refraction is 

(e— r) = (22'’ 1^ — 19*’ 18') 
=2® 33' 


101 . 

A fly, looking down vertically into a pond from 12 in. above 
the surface, sees a fish apparently 18 in. below the surface. What 
is the actual depth of the fish? What is the apparent height of 
the fly as seen by the fish? 


The ratio of real to apparent depth of a medium (1) viewed 
from another medium (2) is 2 t^i for rays nearly normal to the 
surface of separation. 

So, taking ^ as the refractive index of water tlie real 

O aw 

depth of the fish is 

18x|= 24m. 

Also since > the apparent height.of the fly above the 

w 4# li 

a^to 

water is 


12 . 


In the ray diagrams opposite, the angle of divergence of the rays 
has been exaggerated for the sake of clearness. Actually, only 
a narrow pencil of rays will be received by the eye in each case. 
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102 . 

Given that the refractive index for air-glass is 1-60 and for 
air-water is 1*33, calculate the critical angle for water-glass. 

From the general expression for a number of different media : 

I a 18 8 $ 8 4 n-i^n 

we may write u = it x u 

a 9 o*^w to^g 
1-60 

and since sin (c being the critical angle) 

an =0-833 


c=M*24 


103 . 

Light is incident on the face AB of a 60® glass prism ABC ta 
AC to f outThS the fec“ 

of Imergtt? 
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B 



In the diagram, DEFGH repre- 
sents the path of the ray through 
the prism, F being the point of 
total reflection. The normals 
through F and G intersect at J. 

The maximum angle of emer- 
gence ^vill be given by the mini- 
mum angle of total reflection at 
F, i.e. by the critical angle at 
F. Let us then call angle JFG, c. 

We may obtain a value for the 
angle of emergence c (KGH) in 
terms of c by relating i (JGF) to 
each of them, thus: 


In the triangle JFG, angle FJG = 120'' (it is the supplement of 
60°) 

t=180-(120°H-c) 

=60°— c 


For the refraction at G (glass to air) 

sin i _ 1 

sin e 1*5 

sin e=l*5 sin i 

= l-5X8in (60°— c) 


c may be evaluated from the relation 


giving 


sin c=-^=f^ =0-667 
„ii„ 1-5 
g 

c=41° 48' 

sin e=l-5xsin (60°-41°48') 
= l-5x8in 18° 12' 
=0-468 
e=27°64' 

The maximum angle of emergence is 27° 54'. 


104. 

What is the angle of minimum deviation for a ray passing 
through a 60° prism of refractive index 1-620? 


LIGHT 106 

The relation between the refractive index, the angle of the 
prism a, and the angle of mini mum deviation 9 ia 

sin l(a-f 


sin 

Substituting the values given in this expression : 

l-620=i‘P 

sin 30 

sin J(60‘'+fl)=0‘5x 1-620 

=0-810 

i(60“-i-^)=54‘’6' 

^=(2x54“ 6') -60® 

=48® 12' 


105 . 

ifl 0^ refractive index 1-52 

8 pla(^ m contact with another prism made from glass of 
refractjve index hQ3, and it is found that a ray of Ught XsL 


The minimum deviation relation, 

sin Ktt+g) 

^ sin Ja 

becomes 

a 

for a prism of small angle 
whence 

and e=a{f,^l) 

ffiXa :oSS'“ the angle 

of the angle of incidTcT^ “* of values 

»Sif gSi Siat",ri"S a. Ki- .. 
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Therefore $, = 6^ and 

5 (l- 52 -l)=a 2 {l- 63 -l) * ^ 

5x0-52 




0-63 
=4° 8' 


=413 


106. 

Determine the position and size of the image of an object 1 in. 
plfl'Ced at distances of 6 and 12 in. respectively from a 
concave mirror of radius of curvature 16 in. 


(a) 1 , 1^2 

v'^u B 


V ' 6 16 

1_1 1 

v~8 6 
l_ 

~ 24 .*, u=— 24 in. 

_I^v 

O u 
I_—24: 

1~ 6 /=4 in. {ignoring the minus sign*) 



So the image is 24 in. 
virtual) and is 4 in. high. 

(b) 1 


V 


+ 


12 

1 

V 


16 

1_ 

8 

1 


12 


24 

t;=24 in. 


behind the mirror (and is therefore 



I 24 

I“12 /=2 in. 


• The sign of - may be taken as indicating whether the image is erect 
(negative) or inverted (positive). Confusion may 

lenses are considered, since the rule must then be reversed. On the whole, 
it is probably boat to ignore the sign* 


LIGHT 1Q7 

In this case the image is 24 in. in front of the mirror (and is 
therefore real) and is 2 in. high. 


107. 


At what distance from a concave mirror of focal length 10 cm 

must an object be placed in order that an image double its size 
may be obtained? 


possibilities, the image being either (a) real 


or 


/ V 


(a) Smce - and v must be positive for a real image formed 
by a mirror. 


• • 


2=- and v=2tt 


Hence, substituting in the mirror equation, we have 


2v7u 10 
l+2_ I 
2u 10 
w=15 cm. 


W For a virtual image o must have a negative sign and there- 




—V 


• • 


u 

10 

2tt 10 

tt=6 cm. 


-nirrer for a virtnal i^age ofdonblete 
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108. 

A candle flame 3 cm. high is placed at a distance of 3 metres 

irom a wall. How far from the wall must a concave mirror be 

placed in order that it may form an image of the flame 9 cm. 

high on the wall? What must be the radius of curvature of the 
mirror? 



From the diagram it is seen that 

V— w=300 cm. 
I V 

Also, from the expression ~q~~ 


we have 


3“i 

v=^u 


Substituting this value of v in the first equation gives 

3u— «=300 cm. 

«=150cm. 

and t;=450 cm. 


V u 

450^150 

4 

450 ^ 

R-- 


\r 

1 . 

R 

R 

225 cm 


The mirror must be placed 450 cm. from the wall and must 
have a radius of curvature of 225 cm. 
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109. 

An object 4 cm. Mgh is placed at a distance of 15 cm. in front 
^ 'if niiCTor having a radius of curvature of 10 cm. Where 

will the image be and what will be its height? 



t>= — 3‘75 cm. 

I _v 
O u 
/_ 3-75 
4 15 

/=l_c^ (ignoring the minus sign*) 

^ image is therefore 3-75 cm. behind the mirrnr 
Wore virtual, as always with a convex mirror) and is 1 cm, 

no. 

cu^ta^rcm ”1“ pS of of 

^a^tlwSlTeL^^d ?he°S“" -p]e:?rpird mS: 

For the ^rsi reflection (at the convex mirror) 

■Wi=20 cm. 

■®i=“20 cm. 

Vi 20 20 

— =— 1 
t»x 20 

of cm. 

• So© footnote to Ex. 97 
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The first image is therefore a virtual one, 6| cm. behind the 
convex mirror. 

For the second reflection (at the concave mirror) the first image 
constitutes the object and therefore 

U2=(40+6|) cm. 
i? 2=20 cm. 


^2 46§ 20 

1_ 2 3 

V2~20 140 

14-3 
“ 140 

V 2 = 12 A cm. 


So the second image is real and is formed at a distance of 12A 
cm. in front of the concave mirror. 



in. 

A slab of glass of thickness 5 cm. and refractive index 1-5 is 
held a few centimetres in front of a concave mirror of radius of 
curvature 40 cm., the faces of the slab being perpendicular to 
the principal axis of the mirror. How far from the mirror must 
a small object be placed if its reflected image comcides with 
the object? 
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Rg. 1 shows the paths of rays diverging from the object O 

after i^dection and refraction, to the same point. 
Jig. 2 shows the familiar “real and apparent thickness” diaeram 
(see Ex. 92) B being the image of A. The distance QD is equal 
to A B which IS the difference between real and apparent thick. 


QD=6~ 




6x0-5 

1-5 

=1§ cm. 

and since OCDQ is a paraUelogram, 

OC=QD 

* ' OC=l| cm. 

f curvature since the rays at X and Y retrace 

to the “d must therefore be normal 

The,S-Z^t‘-®;-T®‘ “'““g curvature, 

therefore the distance of O from the mirror is 40+OC 

=41§ cm. 


112 . 

20^“* w knrth“»h '>y u ®<>u™x lens of 

(6) 15 cm!from f ’ “ <“) 30 cm. from it. 



112 


WORKED EXAMPLES IN PHYSICS 


I* 

1 1 


f V u 

For a convex lens, / is nega- 
tive. 


(a) 


u=30 cm. 

1 1 1 _ 

—20~v 30 

1 1 1 


V 


30 20 
1 


60 

v==— 60 cm. 


II* 
1 1 


f V u 

For a convex lens, / is posi- 
tive. 


(a) 


u— 30 cm. 


1 

20 

1 

V 


V 

1 

20 

1 


30 

1 

30 


60 

v=60 cm. 


The image is real and is formed 60 cm. from the lens on the 
side opposite to the object. 


(b) 



The imftgc is virtual and is fornaed. 60 cni> from tho lens on 
the same side as the object* 
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113. 

lo^ placed on the principal axis of a concave lens of 

1 J m. tocal length and an image is observed at a distance of 8 in 
from the lens. How far is the object from the lens? 


I 

1 ^ 1_1 
f V u 

/=12m. 

/ • i-i- • “• 

(smce the image must be virtual 
with a concave lens) 

1 1 1 


• ft 


12 8 

1 

« 8 12 
_3-2 
24 

tt=24 in. 


n 

l=l+i 

/ v^u 
/=-12 in. 

/• XL .v~“8in. 

(smce the image must be virtual 
with a concave lens) 

l2 8+« 

1 1 1 


ft ft 


8 12 
3-2 
24 

w=24 in. 


object must be placed 24 in. from the lens. 



on 6 f?Tu‘am 3 in. square 

length must the obieorrbet ’-•‘at focal 

Image magnification, 


O 


=20 


B 



114 


WORKED EXAMPLES IN PHYSICS 


As the image is real and v 
therefore negative : 


or 

but 


V 

-=-20 

u 


u 

V 

U- 


V 


20 

-(20x12) in. 
20x12 


or 

but 


20 
12 in. 

1 1 


/ 


V 


u 

1 


240 

21 


12 


/= 


240 

240 


21 

= — 1143 in. 


n 


-=20 

u 


u= 


V 


20 

v={20xl2) in. 

20x12 
““ 20 
= 12 in. 

/ v^u 

=J-4 * 


240 ■ 12 
_ 21 
“240 
_240 
“ 21 

= 11*43 in. 


The focal length of the projection lens must be 11*43 in 


115. 

A convex lens is used to form an image of a lamp filament on 
a wall. It is then found that by moving the lens 30 cm. nearer to 
the wall a sharp image is again obtained, exactly one-quarter 
the length of the first. What is the focal length of the lens? 

//; (2) 
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On referring to the diagram, it is seen that the object and 
image distances in position (1) are interchanged in position (2), 
the two distances being a and {30+a) respectively. Substitution 
in the image magnification equation gives 


( 1 ) 

(2) 


h 

0 

h 

0 


30+a 

» 

a 

a 

30+a 


h 


(30+a)3 


a 


30-}-a 


a 


=4 


=2 


30+a=2a 
a=30 cm 


I 

tt=30 cm. 
V— -^60 cm. 
1 1 
/ 60 30 

_ 3 

60 

/=— 20 cm. 


n 

tt=30 cm. 
t;=60 cm. 

f 60^30 
_ 3 
“60 

/=20 cm. 


116 . 

placed from a lens of 16 cm. focal 

be f ttaes It ^ of “"y 

the^TTT the image ie real or virtual or whether 

the leiw m convex or concave. But aa the image is larger than 

tte object the possibility of the lens being conclve is Xd out 

We have therefore to consider two caseslreaZ or viri^Ztse 

In both smce the area of the image is 9 times that of the 

thfotje^ of 
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(a) Real image 


V is negative. 

V ^ 

— 3 or tJ= — 3t4 
u 

i=i-i 

f V u 

f= —15 cm. 
the lens being convex 

1 1 1 

• - 

15 — 3u u 

1 1+3 

15“ 3m 
3m=4x15 
m= 20 cm. 


V is positive. 

V 

-=e or v=3m 
u 

1 = 1+1 
f V u 
/=15 cm. 

the lens being convex 

• -=-+i 

' ‘ 15 3m^m 

1 _l+3 

15“ 3m 
3m=:4x 15 
m=20 cm. 


The object must be 20 cm. from the lens to produce a real 
image magnified 9 times superficially. 

(b) Virtual image 

V is positive. I v is negative. 


v=3u 

1 

15 3m m 
^ 1-3 
3m 

3m=15x2 
u=10 cm. 


V is negative. 
v=— 3 m 

±=- 1+1 
15 3m~m 

^ - 1+3 

3m 

3m=15x 2 
M=10 cm. 


The object must be 10 cm. from the lens to produce a virtual 
image magnified 9 times superficially. 
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I 



117. 

A convex lens of focal length 25 cm. is placed in contact with 
a concave lens, and the combination produces a real image at 
a distance of 80 cm. when the object is at a distance of 40 cm. 
What is the focal length of the concave lens? 


Calling the focal length of the 
combination i’, we have 
1 1 1 

F 80 40 

80 

F^ —263 cm. 

The focal length of a com* 
bination of two lenses in con- 
tact is given by: 

-=-+i 

P A V. 

/i— — 26 cm. 

80 25 V2 

3 

A 26 80 
_ 16-16 
400 


II 

Calling the focal length of the 
combination F, we have 

F 80^40 

=i- 

80 

i?’=263 cm. 

The focal length of a com- 
bination of two lenses in con- 
tact is given by : 

J=l+± 

^ A+A 

/i=25 cm. 

'* 80 “26 "*‘77 

1 3 1 


400 

/*— 400 cm. 


400 

A—— 400 cm, 
The concave lens has a focal length of 400 cm. 


s 


80 25 
16-16 


400 

1 
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118. 

A compound lens consists of two thin lenses, one convex, the 
other concave, each of focal length 20 cm., placed 10 cm. apart 
on a common principal axis. Find the position of the principal 
focus of the combination when the light is incident first on 
{a) the convex lens, (6) the concave lens. 

(a) 



Parallel rays falling on to the convex lens are made to con- 
verge on to its principal focus at Fj in the diagram, 10 cm. beyond 
the concave lens. The point Fj may therefore be considered as 
a “virtual” object for the concave lens, the object distance t4 
having a negative value of —10 cm. 


n 


So for the concave lens : 

I 

i=i_i 

f V u 
1 1 1 
20~ V —10 

1 1 _ 

v“20 10 

_ 1 
“ 20 
v=— 20 cm. 

The negative sign indicates a 
real image, which is the re- 
quired principal focus, since it 
is the focus for parallel rays 
incident upon the combination. 


/ v~^u 

_±=4_!_ 

20 v ^-10 
11 1 

v“10 20 

— 1 . 

”20 

v=20 cm. 

The positive sign indicates a 
real image, which is the re- 
quired principal focus, since it 
is the focus for parallel rays 
incident upon the combination. 


The principal focus of the compound lens is 20 cm. from the 
concave lens on the side remote from the object. 



(6) 
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Parallel rays falling on the concave lens will be made to diverge 
as from its principal focus Fj. The divergent beam incident upon 
the convex lens may therefore be considered as coming from Fi 
30 cm. away. So u=30 cm. 

For the convex lens : 


1 ^ 1_1 
f V u 

20 V 30 
1 1 1 
V 30 20 
_-l 
60 

t>=— 60 cm. 


1=4 i 

/ v^u 

1 = 1+1 

20 v^30 

V 20 30 

=1 

60 

v=60 cm. 


In this ca se the principal focus of the combination is 60 cm . 

from the convex lens on the side remote from the object. 

Note that this type of lens combination used as in (a) is known 
to photographers as a “telephoto lens.” ' ' 


119. 

A ^here of glass, of refractive index 15 and radius 2 cm., 
contams a smaU air-bubble at a distance of 1 cm from the 

portion of the image of the bubble seen by an 

III St 
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WORKED EXAMPLES IN PHYSICS 

(a) The bubble is between the centre of the sphere and the eye, 


Applying the equation 
1 ^ M — 1 

V u R 

in which f 


w=l cm. 
R=2 cm. 


we have 
1 

1 - 6 ?; 


r5-i 


1 2 

\l-5x2/ 


+ 1 


i=4^+l-5 

V 2 ' 

= 1-25 
t;=0-8 cm. 

The image (virtual, because 
V has a positive sign) is there* 
fore situated 0*8 cm. from the 
surface, the apparent position 
of the bubble being 0-2 cm. 
nearer to the surface than the 
true position. 


Appl 3 rmg the equation 
v~u R 


in which 


^ 1-5 

u=\ cm. 

i?=— 2 cm. 


(Surface concave to the light) 
we have 

——1 
1 ,1 1.5 

15u“*T~-^ 

l-5v V-1-5X2/ 

i=^^-l-5 

V 2 
= -1-25 
t>= — 0‘8 cm. 

The image (virtual, because 
V has a negative sign) is there- 
fore situated 0*8 cm. from the 
surface, the apparent position 
of the bubble being 0*2 cm. 
nearer to the surface than the 
true position. 


(6) The centre of the sphere is now between the bubble and 
the eye. 
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In this case 


1 


^ 1-5 
u=3 cm. 
R=2 cm. 


ft • 


1 1 

V5v 3~T 

2 3 

== 0-25 
v=4 cm. 


In this case 


u= 

R= 


-1 


l-5v 


3 

1 - 

v— 


1-5 
3 cm. 

: —2 cm. 

L? 

-2 

2 3 

-0-25 
—4 cm. 


The image (again virtual) is now 4 cm. from the surface and 
IS therefore in the further surface of the sphere. 

If the bubble were at the centre of the sphere, its image would 
coincide with it; such would also be the case if the bubble were 
m the nearer surface. But when the bubble is between the centre 
ol the sphere and the observer, as in (a), its image is nearer to 

the observer; whereas when the bubble is beyond the centre, as 
in ( 0 ), its image is further away. 

120 . 

^d the position of the principal focus of a sphere of glass of 
efractive mdex 1-5 and r^us 5 cm. for rays which pass close to 
the centre and make small angles with each other. 

The reliction of the rays is simply a statement of the con- 
dition w-hich must always apply when the simple lens formula 
we employed With a lens having a unique principal axis, this 

^ the rays shaU make smaU angles ^th the axis 
The condition has to be worded differently in the case of a refract* 
mg sphere which has an inBuitude of "principal axes”— straieht 
hues p^mg through the centre. FaUure to observe this conation 
ne^itotes the consideration of spherical aberration 

ParaUel rays incident on the sphere 
F/ respect to a diameter. The focus of these ravs 
after refraction at both surfaces of the snhere if) t\^ • ^ 

second surface it is ^ wie 
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For the first refraction 


I 

Jt 1 _ 1 

Vi Ui El 

1 15—1 

Vi oc —5 
Vi= — 15 cm. 


n 

^ j 1 _ ^-1 

Vi Ui i?i 

15 1 _ l-5-l 

Vi ~^a: ~ 6 

Vj^^lS cm. 



This indicates a real image which would be formed at a dist- 
ance of 5 cm. beyond the frirther surface. This image must be 
considered as a virtual object (u^ negative) for the refraction at the 

second surface. In this case 

0^^ 1*5 


1 a-1 


V. 


u 


1 


l-6t;„ — 6 


6 

—0*5 


1*5^2 6xl’5 6 

1 — 0-5— 15 

Ug” 6 

^ 2 = — 2*6 cm. 


V. 


u 






l-6v, ' -5 


—5 


i? 2 = —6 cm. Sur- 
face concave to the light 

1 -0-5 ■ 1 

l-Svg — 6x1*5 6 

1 0-5+1-5 

Vg” 6 

v»=2*6 cm. 


The principal focus of the sphere is therefore 2*5 cm. beyond 
the second surface. 
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121 . 

A symmetrical concave lens made of glass of refractive index 
1-55 has a focal length of 1 metre. What is the radius of curva- 
ture of each of its surfaces? 


i?i will be positive and 
negative whichever way the 
light is travelling. 

So let 

- 155 -“ 

0-56x2 

R. 


n 

Since both faces are con- 
cave, and R^ are both 
negative. 


Let R.s^Rg=—x 



a;=2x 100x0-55 
=^110 cm. 


100x0-65x2 

=110 cm. 

Each surface has a radius of curvature of 110 cm. 


122 . 


A wnveigent memscus lens made of glass of refractive index 
1 52 hM surfac^ whose radii of curvature are 20 cm. and 30 cm 
respectively. What is its focal length? 


Suppose the light is coming from the right. 
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WORKED EXAMPLES IN PHYSICS 


Then the direction of the 
arrow in the diagram is the 
negative direction and both i?j 
and i ?2 are negative. 
i?i= —20 cm. 
i? 2 = —30 cm. 

/--i— '(i-i;) 

-0-52 
~ 60 

f— — 115*4 cm. 


II 

Then .Rj is the radius of the 
convex surface and Rg that 
of the concave. 

Ri=20 cm. 

R 2 =— 30 cm. 

-Kt) 

_0*52 
“ 60 

/=115*4 cm. 


The same result is obtained if the light is supposed to come 
from the left. 


123 . 

One surface of a convergent lens of 20 cm. focal length is 
convex and has a radius of curvature of 25 cm. If the refractive 
index of the glass of which the lens is composed is 1*50, what 
is the radius of curvature of the other surface? 



The lens will be of one of the three forms shown. Suppose the 
light to be incident first on the 25-cm. radius surface. 
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Then 

/= 


—25 cm. 
—20 cm. 


7 


II 

Then 

i?i=25 cm. 
/=20 cm. 


1 _ 1 1 

10 25 i?2 

1 1 1 
10 25 
_5-2 3 

60 “50 
i?2“ + 16-7 cm. 

The plus sign indicating that 
the surface is convex and the 
lens therefore of type (a). 

124. 




10 25^B, 


b : 


1 1 

10 25 
5-2 3 

60 “60 


■fl2= + 16-7 cm. 

The plus sign indicating that 
the surface is convex and the 
lens therefore of type (a). 


0“ mercury and it is 
the Tow" foLed b7rraect of froT 

^ati. iw ‘*‘® “aterial of the lens U 1-5 

what 18 the focal length of the lens? * 

lei^lnd D tTe '“‘'™ of p.«ryature of the lower surfaee of the 

Melf "sSrTflrt^TrTyi"""*^* 

return along their incident path, thev • 

must m^t the reflecting surface norm- / \ 

ally, and 80 ^thin the lens must travel / \ 

along radn of curvature. If the mercurv ' ' 

were removed so that the rays passed / \ 

undeviated through the surfacef they / /\ v 

would appear to come from C. C is ' / \ ' 

therefore the position of the virtual // \\ 

tZ^gh the° eS™"" P“^8 
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WORKED EXAMPLES IN PHYSIOS 

Substituting in the lens equation: 


l=i_i 

f V u 

we have: 

^ ^ f Ji 25 
and from : 


ro-itt-i) 


f=-R 

from equation (1): 
/= —50 cm. 


n 


111 


/ 

we have : 


u 


r-i^ 


25 


( 1 ) 


and from : 


1 ) 


a-k) 


from^equation (1): 

.•./=50 cm. 


125. 

A man, suffering from short sight, is tmable to see objects 
distinctly at a distance greater than 3 metres. Of what power 
must spectacle lenses be which will enable him to view distant 
objects distinctly? 

Rays from infinity must, after refraction by the lens, appear 
to come from 3 metres distance. That is, parallel rays falling on 
the lens must diverge from a virtual focus 3 metres from the 
lens. The lens must therefore be concave and of 3 metres focal 
length, its power being — | dioptre. 

Notice that for short sight a 
concave, spectacle lens is needed 
of focal length equal to the 
distance of the far point. 
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126. 

What spectacles would be needed by a long-sighted person 
whose near point is at 90 cm. in order that he may be able to 
read print at a distance of 40 cm .1 


Rays from a point 40 cm. away must appear to come from 
a pomt 90 cm. away after passing through the lens. That is, an 
object at a distance of 40 cm. must have a virtual image at 
a distance of 90 cm. ® 


1 

n 

ws=40 cm. 

t{=40 cm. 

1^=90 cm. 

t>=— 90 cm. 

1_1_1 

1 1 1 

f V u 

-n^u 

1 1 1 
/ 90 40 

1 1.1 

/ -90 ' 40 

4—9 

-44-9 

360 

360 

-5 

5 

360 

360 

/=— 72 cm. 

/=72 cm. 


For reading spectacles, the long-sighted person would need 

^vex lenses of focal length 72 cm. (power=— =+ 1.39 
dioptres). 
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127 . 

An astronomical telescope having a magnifying power of 8 
len^h^? are their focal 



(-)€ 




Calling the focal lengths of the objective and eyepiece /<> and 
/<t, we have : ^ 

I 


8 = 


fo 


and 


fe 

18= -(/<,+/.) 
18= -(8/.+/.) 

fe= —2 in. 
/(,= -16 in. 


8 = 


II 

fo 


and 


fe 

18 =/.+/. 

18=8/.+/. 

/g=2 in, 
/(,=I6in. 


128 . 


Work the previous example for a Galilean telescope. 
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129. 

The focal lengths of the objective and eyepiece of a compound 
mcroacope are ^ cim and 2 cm, respectively and the lenses are 
feed 15 cm. apart. Find the magnifying power when the micro- 
scope IS focussed so that the final image is formed at infinity. 

If the ^al image is at infinity, the primary image must be at 

throb%“ tile' of 

Applying the lens equation to the objective : 

I 
1 


1 


1 


/ 

V 

u 


1 


1 

1 

1“ 


13 

u 

1_ 

1 

1 


u~' 

l' 

13 



U 
1 1 


V u 


=15 

13 

w=lA cm. 

The magnification produced 
by the objective is therefore 

lA 

The magnification produced 
by the eyepiece used as a 
simple magnifier with the 
object at the principal focus is 

25 

^=12-5 

taking the least distance of 
distmcb vision as 25 cm. 


1 

/ 

1 13“^tt 

l=i_± 

u 1 13 

12 


13 

w==lA cm. 

The magnification produced 
by the objective is therefore 

ItS 

The magnification produced 
by the eyepiece used as a 
simple magnifier with the 
object at the principal focus is 

25 

y=12.6 

taking the least distance of 
oistmct vision as 25 cm. 


-0 fof^‘ m agnifying power is therefore 12x12-5^150. 
the proiluc^of th ” malSaSSfa “ 

eyepiece respectively ifllrfoUows ^ ^ ‘*‘® o*>jective and 

* 
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WOEKED EXAMPLES IN PHYSIOS 




The magnifying power of a compound microscope is defined as 
the ratio of the angle subtended at the eye by the image, to the 
angle which the object would subtend at the least distance of 


distinct vision. Referring to the diagram, this ratio is equal to 

If O and I are the respective heights of the object and primary 
image, then 

where is the focal length of the eyepiece, therefore 

M=~ 

a 

I D 

~fe^O 

I D 

j~0^fe 

In this expression ~0~ primary image 

produced by the objective 
and 

piece used as a simple microscope. 


— = magnification produced by eye- 
/« 


130 . 

Find the focal lengths of the two components of an achromatic 
telescope objective of focal length 1 metre if two specimens of 
glass are available for which the values of the refractive index for 
red and blue light are 


I « 
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1-630 

1*515 


1*650 

1*525 


I Flint glass 
II Cro^vn glass 

The Jspersive power of a medium, in terms of a for red 
blue and yellow, is given by ’ 


O} — 


fip—i 

where {Ly may be taken as 

0*020 

^i=-?r^='0*03125 


eo 


QJo — 


0-64 

0010 

0-62 


=0*01923 



A_ «>i_ *03125 
A *01923^ 

1*625 

bSfato tZt lorom"® “““ of the com- 

I 

1 


i+i = 

fi fi 100 
Substitute for in this 

J__T625 1 

A 


n 


1 


A 

•0*625 

A ^ 


100 

1 

100 


A=62*5 cm. 
(divergent, flint glass) 

—62*6 


i+i=_ 

A A 100 

Substitute for in this 
1 1*625 1 

A 


ft 
-0-625 

A ^ 


100 

1 

100 


and 


A- 


1*625 
= —38*5 cm, 


(convergent, crown glass) 


A=~02*5 cm. 
(divergent, flint glass) 

-62*5 


and 


A= 


-1*626 
=38*6 cm, 
(convergent, crown glass) 
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131. 

A ROPE weighing 50 gm. per metre length is stretched, at a 
tension of 25 kgm. weight, between two points 30 metres apart. 
If the rope is plucked at one end, how long will it take for the 
resulting disturbance to reach the other end? 

The velocity of propagation of a disturbance along a stretched 
string is given by : 



v= / — 


T being the tension in the string and m the mass per umt length. 
From the data, 

T =25,000 X 981 dynes 
50 

gm. per cm. 


• • 


/25.000 

0-j 


x981 


cm. per sec, 


=500V981x2 
=500x14-01 
=7005 cm. per sec. 

Time taken for disturbance to travel 30 metres 

30 X 100 


7005 

=0-43 sec. 


sec. 


132. 

A steel wire, 1 mm. in diameter and 1 metre long, hangs verti- 
cally from a rigid support with a mass of 10 kgm. attached to its 
lower end. What is the fundamental frequency of transverse 
vibration of the wire? Density of steel=7-8 gm. per c.c. 

In the expression for the fimdamental frequency of a stretched 
string 

1 f¥ 

^ 2L \ m 
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r i/=100 cm. 

we are given -I 7=10 kgm. wt.=10,000x981 dynes 

[ m, the mass per unit length 
=7*8 X (volume per unit length) 
=7-8 Xttx 0052 
=0*06125 gm. per cm. 

1 /9-81xl0« 

” 2xI00V 0 06125 

1000 

200 V 6-125 

=5x12*66 

=63*3 


133. 

The movable bridge of a sonometer is adjusted so that 4 beats 
per second are heard when the string is sounded simultaneously 
with a tuning fork. The length of the vibrating portion of the 
stnng IS found to be 60 cm. When the bridge is moved so as to 
lengthen the string by 1 cm., 4 beats per second are again ob- 
tamed. What is the frequency of the fork? 


Smce the 60 and 61 cm. lengths of string both give 4 beats 
per second, the former must give a note which is sharp and the 
latter a note which is flat of that emitted by the fork 


The number of beats per second is equal to the difference 
between the frequencies, and therefore if n is the frequency of 

proportion™ toiS k"’ 


n+4 61 
n— 4~60 

6171— 244=60n+240 
n=484 


134. 

strings of a violin are tuned to the notes E A D 
^d G respectively, the E being the highest in pitch. As^u^g 
the strmgs to be made of the same material and the E stri^to 



134 WORKED EXAMPLES IN PHYSICS 

have a diameter of 0-4 mm., what must be the diameters of the 
other strings if all four strings are at the same tension? 


The interval between each pair of adjacent strings is a fifth, 
giving a frequency of 3/2. 

From the expression for the frequency of a vibrating string 

1 fr 

m 

we may write 

if L and T are constant, and since m, the mass per unit length, 
is proportional to the radius squared 



and therefore 


2 tb ds 0-4 
(f^=0-6 mm. 


Similarly 


and 


dn=:rx0*6=0*9 mm. 


2 

3 

2 


(f-=-x0-9=l*35 mm. 


The diam eters of the A, D and G strings are 0-6 mm., 0*9 mm. 
and 1*35 mm. respectively. 


135. 

A steel wire 0-8 mm. in diameter is fixed to a rigid support at 
one end and is wrapped round a cylindrical tuning peg 6 mm. m 
diameter at the other, the length of wire between the peg and 
the support being 60 cm. Initially the wire is straight, under 
neghgible tension. What vill be the frequency of the wire if it 
is tightened by giving the peg a quarter of a turn? 

Density of Bteel=7*8 gm. per c.c. 

Young’s modulus for 8teel=2x 10'* d 3 me 8 per sq. cm. 

We have first to determine the tension in the wire. 

Let it be T d3mes. 


SOUND 136 

The stress in the wire ia the tension per unit area of crosa- 
section which equals 

The extension due to turning the tuning peg 

=(ix ttxO'S) cm. 

The strain, which is the extension per unit length, 

77X0*5 

“4x60 

^-?-= Young's modulus 
strain 

4x60 


T 


77X0*0016 77X0*5 


=2x101* 


^ 2xl0i*x7r*x0*0008 , 

^ 2io 

=0*6582 X 10® dynes 

Now, in the equation for the frequency of a stretched string 


[L 

V wi 


f Xr=60 cm. 

^^=0*6682 X 10® dynes 
[m=7*8x 77X0*04* gm. per cm. 


=341*4 


4 


•6582 X 10* 
XO*0016X7r 



of its proMs l ^ ^ bristle attached to one 

plate ^is^ded smoked surface of a glass 

Sie plat^hen the trace formed on 

freely it is found thn?? ^ ®oiiiided and the plate allowed to fall 
S hi and ^ con^cutive groups of 20 waves occupy 

th^ meXmSts - value for , frZ 
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r- ® N 


20 

tfaves 


> 
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Suppose, at the beginning of the 1st group 
of 20 waves, the plate was moving with velocity 
u ft. per second. 

20 

The 20 waves would occupy ^rr?: sec. 


99 

i n 


SO 




512 

Therefore, from the equation 

0‘99_20u , g/ 20 \2 for the 


= — U2 

fr 1 1 £\ 


and 


j 


12 512 ' 2 ^ 512 ) first group 

0-99+l*58 40w g/ 40 for both 
I 2 ^^■*'2\^/ groups 

^ ^ “ niay be eliminated by multiplying the first 

equation by 2 and subtracting it from the 
second equation. 

2-57-1-98 er/40\2 ^/20\2'| 

V512; J 


Thus: 


12 


i[( 


512/ 


0 0492=1^^/(4-2) .^0 001526? 

^=32-3 ft. per sec, per sec. 

137. 

An organ pipe has a length of 2 metres. Neglecting end- 
corrections, find the frequency of its fundamental and first over- 
tone when it is (a) open, and (6) closed, taking the velocity of 
sound in air as 34,000 cm. per sec. 


A 


N 


N 


N 


N 


I 


!/ 


/V 


A 


N 


f/ 


a 

open 


h 

closed 


In each diagram the distribu- 
tion of nodes and antinodes is 
shown; for the fundamental on 
the left, and for the first over- 
tone on the right. 

Bearing in mind that the 
distance between a node and 
the adjacent antinode is a 
quarter of the wavelength, we 
have for the wavelength of the 
fundamental and first overtone 
for {a) the open pipe : 

A/=2x 200 cm. 

Ai=200 cm. 
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whence the frequencies are: 

V 34000 


=85 (fundamental) 


A/ 400 — 

7^1= ^-=“ 20 ^=^ (first overtone) 

and for (6) the closed pipe : 

A/=4x200 cm. 

4 

Ai=-x200 cm. 

(fundamental) 

(first overtone) 


and 


138. 

A long glass tube is held vertically, dipping into water, while 

a tunmg fork of frequency 512 is repeatedly struck and held 

over the open end. Strong resonance is obtained when the length 

of the tube above the surface of the water is 50 cm., and again 

at 84 cm., but at no intermediate point. Calculate the velocity 
01 sound in air. 


An air column in a tube closed at one end is capable of vibrat- 

* 1 . number of quarter- waves contained in its 

length, there bemg always a node at the closed end and an anti- 
node at the open end. 

The effective length of the air column is the actual length plus 
a WMtant end-correction. Let this end-correction be x cm. 

Ihen our two resonating lengths are effectively (50-t-a:) and 

(84+a:) and these represent two consecutive odd multiples of -. 
The possible values of the resonant lengths are therefore : ^ 


A 3A 6A 7A A A 

4* 4* 4’ 4 ’ * * ■ (2»+l)^, etc. 

It is seen that any pair of consecutive values differ by 

^=(84-fa:)-(50+x) ^ 


=34 cm. 
A=68 cm. 
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WORKED EXAMPLES IN PHYSICS 
The velocity of sound in air is given bv* 

V=7iA 

=512x68 


= 34,816 cm. per sec. 

Since -=17 cm., and the 6rst three possible resonant lengths 

are 17, 51 and 85 cm., it is apparent that the two tube lengths 
given represent the second and third resonances, and the end- 
correction is therefore equal to 1 cm. 


139. 

What change in temperature would cause the pitch of a wind 
instrument, originally at 5® C., to rise by a semi-tone? (Interval 
of a 8emi-tone=l?.) 

The velocity of sound in a gas is proportional to the square 
root of the absolute temperature. 

Since the wavelength of the note emitted by a wand instrument 
is independent of the temperature, therefore the frequency also 
is proportional to the square root of the absolute temperature. 

/ 273+t 

Tig \ 278 

If i® is the temperature which would give a sharpening of the 
pitch by 1 semi-tone, 

17 /273+F 

16”V 278 


(S)'= 


1129= 


273+e 

278 

273+t 


278 
i=40-9® C. 

A rise in temperature of 35-9® would cause a rise in pitch of 
1 semi-tone. 


140 . 

In a Kundt’s tube experiment, a brass rod 120 cm. long was 
used which had a fundamental longitudinal frequency of 1460. 
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The gas in the tube was carbon dioxide at 20® C., and the dist- 
ance between the nodes, as shown by the dust heaps, was found 
to be 9'0 cm. Calculate the velocity of sound in brass and in carbon 
dioxide at 0® C. 

As the rod was sounding its fundamental, it would have an 
antinode at each end and a node in the middle. The length of the 
rod would therefore be one-half the wavelength in brass. 

A=2 X 120 cm. in brass 
and since V=nX, 

F=(1460x2xl20) cm. per sec. 

=350,400 cm. per sec. 

The velocity of sound in bras3=350,400 cm. per sec. 

In the gas, the wavelength would be twice the distance between 
the nodes. 

So A=2 x9 cm. in carbon dioxide 

and F=(U60x2x9) 

=26,280 cm. per sec. at 20® C. 

=26,280 X cm. per sec. at 0® C. 

=25,370 cm. per sec. 

The velocity of sound in carbon dioxide at 0® C.=25.370 cm. 
per sec. — 


141 . 

What is the frequency of the note heard by an observer stand- 
ing close beside a railway track when an engine approaches him 

tL, sounding its whistle emitting a note of frequency 

612? Velocity of sound in air=1100 ft. per second. 

If the engine were at rest, the wavelength of the sound waves 

emitted by the whistle would be ft. 

612 

But, since the aouxce of sound is following up the sound waves 
m the direction of the observer, at a speed of 60 m.p.h., or 88 ft. 

per eeo., the centre of each wave wiU be ^ ft. ahead of the 
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preceding one, and the wavelength will be 

/ IIQO 88 \ _1012 - 

\512 512 /^ “ 512 


The observer therefore receives waves of length ft. travelling 

at their normal speed of 1100 ft. per sec., and the frequency of 

1100 


the note he hears is /1012\ or 512 x 


/ 1012 \ 

\5i2; 


1100 


1012 

=5565 


The student may prefer to substitute in the general equation 
for the Doppler effect : 



where V is the velocity of sound in air, and n' is the frequency 
received by an observer moving with velocity u towards a source 
which is approaching him with velocity v and emitting a note 
of frequency n. 


n'=612^ 


=512x 


1100+0 

1100-88 

1100 

1012 



=556-5 
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A north pole of strength 20 c.g.s. units is situated 5 cm. away 
from a south pole of strength 30 units. Find the force which 
each pole exerts on the other. 


The inverse square law of force between two magnetic poles 

771 ^ 77^2 


In this question 


F— 

wii=20 units 
m8=30 units 
d=5 cm. 


F= 


20x30 


6 * 


dynes 


600, 

5=24 dynes 


Since the poles are of opposite polarities, the force is one of 
attraction. 

Therefore each pole attracts the other with a force of 24 dynes. 


143. 

Two equal magnetic poles, 16 cm. apart, repel each other with 
a force of 36 dynes. What is the stren^h of each pole? 

Substituting in the equation 


d* 


we have : 


36 == 


mxm 


16 ^ 

n/^x 16 * 
=00 c.g.s. units 
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144. 

Find the position of the neutral point for two north poles 
10 cm. apart, of strengths 20 and 30 units respectively. 



At the neutral point, where the magnetic intensity is zero, the 
field strength due to one pole must be equal and opposite to 
that due to the other. This can occur only on the straight line 
joining the two poles. 


Let the neutral point P be at a distance x cm. from Pole A 
and y cm. from pole B. 

20 

Then field at P due to A=— ^ directed to the right 

30 

field at P due to B =— 5 directed to the left 
For zero intensity at P 

^_30 

y*“30 


fl 

y V 3 


Also 


x-\-y 

0*816y-|-y 


y= 


0-816 

10 

10 

10 

1-816 
5-51 cm, 


The neutral point is situated on the straight line joining thq 
two poles at a distance of 5-51 cm. from the stronger pole. 

The problem may also be solved by using only one variable 
and one equation. This solution involves a quadratic equation. 
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Letting x be the distance of the neutral point from A as before, 
its distance from B is {10— x). 


Then 


• • 


20_ 30 

xa“(10-x)* 

_ 30 

100+x*— 20x 
2(100+x®-20x)=3x* 


x^+^Ox— 200=0 

- 4 ^ 71600+800 


= - 20±7600 
= -20+24-49 
=4-49 or -44-49 cm. 


The poMtive solution gives the same result as the drst method 

poSto’! 


145. 

.ornt1oo“r 


for the n,ag/etio mte^?y m^y le e^preesione 

(a) 

»• 


2x600 

30* 

lOOO 

27000 
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(6) The approximate expression for the intensity at a point 
on a line through the centre perpendicular to the axis is 



_500 

303 

=0’0185 oersted 


146. 

Work the previous example for a magnet 10 cm. long. 

The exact expressions for the field strength must now be used. 



2Md 

2x500x30 
(30*— 52)3 
30000 

“(900-25)* 
=0*0392 oersted 


ip) 



M 

(d*+Z2)3 


500 

( 30 * 4 - 5 *)^ 

500 

9253 


log if=log 500— ^|x log 




=2*2499 

g=0 0178 oersted 
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147. 

What 13 the value of the magnetic intensity due to a bar 

magnet of magnetic moment 600 c.g.s. units and length 10 cm. 

at a pomt on the perpendicular bisector of the magnet, 12 cm. 
from its centre? 


Referring to the diagram, 
Field at P due to N pole : 


^ ^ direction NP 
Field at P due to S pole : 


m 


in the direction PS 

These two field strengths are equal 
m magnitude, since NP=SP. Their re- 
sultant may be found by applying the 
parallelogram of forces, or by resolving i 
F^ and Fs in a direction parallel to NS. /y 

Thus R={Fj,-\-Fs)cosd 
—2F y 
2myNO 



NP 


M 


600 


( ^/5l^+12»)* 
600 


13* 

= 0’273 oersted 

i?=-^ 

in which d=sl2 cm. 
and 1=6 cm. 
a 
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148. 

A magnet, placed on one arm of a deflection magnetometer in 
the “end-on” position, with its centre 25 cm. from the centre of 
the needle, produces a deflection of 40*. If the distance between 
the poles of the magnet is 10 cm., what is its magnetic moment? 

What deflection would be produced if the magnet were placed 
at an equal distance in the “broadside-on” position? (H=0'18 
oersted.) 


In the “end-on” position 

2Md 




=H tan 6 


We are given 

' e 

23fx25 
( 25 *- 5*)2 


' d=25 cm. 


I =-xl0 cm. 
=40° 

:0‘18 oersted 




=0-18 X tan 40 




0-18XO-839 

(626— 25)*x0-18x0'839 


60 

360000x018x0-839 
” 60 

= 1087 dyne cm. per unit field 

(The last figure is unreliable, owing to the experimental diffi 
culty of reading the deflection to less than |°.) 

In the “broadside-on” position 

M 

=H tan 9 


(d2+Z*)3 
tan 9= 


1087 


0-18 X (6264-25)5 
=0-365 

9=20° to the nearest | 
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149. 

Two similar bar magnets, 10 cm. long, each having poles of 

strength 45 c.g.s. units, are laid on a horizontal table with their 

S. poles in contact and their axes at right angles, the magnetic 

mendian being along the bisector of the right angle. Assuming 

the poles to be situated at the ends of the magnets^ find the 

magnetic intensity at the opposite comer of the square of which 

the magnets form two sides. H may be taken as equal to 0-18 
oersted. ^ 


Referring to the diagram, the field 
strength at A due to the magnets is 
the resultant of X, the field due to 
N 2 , Y, due to Nj and Z, due to 
Sj and Sj. By the inverse square law : 

45 

■^=j^=0'45 oersted 

T *=j^=0*46 oersted 

^ 2x45 


SA* 

90 


~-=0‘45 oersted 



10 *+ 10 * 

By the triangle of forces, the resultant of X and Y actinv 
along the diago nal in opp osi tion to Z, is equal to ' ® 

Tbe r If >/2^0-45*=0-636 oersted 

The resultant intensity due to both magnets therefore 

in the direction SA. =0-636-Z=0-186 oersted 

According as whether H is in the direction SA or AS th« 

0 ■ 1 86 -f- 0- 1 8 =0^366 oersted 


or 


0:186-0-18=0*006 oersted 


150. 


end rttorra\o®rizTntilX“t 

compaaa needle, lines of force are p?oS o^ “aptVnd“f 
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neutral point is located 15 cm. from the magnet. If the earth’s 
horizontal field strength is 0-20 oersted, find the moment of the 
magnet, assuming its poles to be situated at its ends. 

Suppose that each pole is of strength 
m and that the lower pole is a north 
pole. 

Then the horizontal field due to the 
lower pole at the neutral point P is 

And the field due to the upper pole 
at P is 




in the direction PS. 

The horizontal component of this is 


m 

202 + 15 * 


m 


. cos $ 


m NP 
“625 * SP 
m 15 
* V626 
15m 

“625 X 25 
3m 


The resultant horizontal intensity at 
therefore 


P due to both poles is 

m 3m 
1^““3125 



=m(0-004444 -0-000960) 
=0003484m 
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Since at the neutral point this field must be ec^ual and opposite 
to the horizontal component of the earth’s field, 

0003438fn=0*20 

jn=57*4 c.g.s. units 
and the magnetic moment 

Jlf=57-4x20 

= 1148 dyne cm. per unit field 


M^sQOO 


151 . 

A compass needle is deflected by a short magnet having its 
^ east and west and its centre 20 cm. due east of the needle. 
The deflection is then reduced to zero by another magnet of 
moment 900 c.g.s. units, placed with its axis east and west and 
Its centre 30 cm due north of the needle. What is the magnetic 
moment of the first magnet? ® 

Field at needle due to first 
magnet in the “end-on” position 

2J/, 

20 * 

Field at needle due to second 
magnet in the “broadside-on” 
position 

_900 
30* 

\ neutralised 

aL oppoTte.'*’ be equal 

2if, 900 



n 


• • 


20* 30* 

^ 27 ^ 2 

=133-3 dyne cm. per unit field 


152 . 


netio defc'nT “d the mag- 


150 
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moment 500 c.g.s. units due east of the needle, mth its axis 
east and west. What is the distance between the centres of the 
needle and the magnet? 



The compass needle sets along the direction of the resultant of 
H and F (the field due to the magnet). F must therefore be 
directed towards the west, as sho\vn in the diagram, the resultant 
R being at right angles to it, directed towards the north. 

The parallelogram of forces is therefore divided by the vector 
R into two similar right-angled triangles, from which it may be 
seen that 


sin 15® 
F 


1 . 

H 

H sin 15® 


=0-20 X 0*259 
=0*0518 oersted 


A short bar magnet of moment M produces a field of strength 

at a point on its axis distant d from its centre, 
d® 

2x500 


0*0518= 


d®= 


1000 


logd= 


0*0518 

(3—2*7143) 


3 

= 1*4286 
=log 26*8 
d=26'8 cm. 
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153. 

What couple would be required to hold a magnet of moment 
500 c.g.s. units in a horizontal plane ^vith its axis at an angle 
of 30® to the magnetic meridian if H=0’18 oersted? 


mH 


In the diagram, let m be the pole 
strength of the magnet and 21 its 
length. 

Then 2/m=M=500 c.g.s. units 

The force acting on each pole is 
mH, and as the two forces are equal, 
parallel and oppositely directed, they 
constitute a couple of moment. 
mHxXY 
=mHx20Y 
=mH X 21 sin 30® 

=2?mH sin 30" 

=ifH sin 30" 

=600x0*18x0*5 dyne cm. 

=45 dyne cm. 

We have here foimd the couple 
tending to turn the magnet towards 
the meridian. The couple required 
to hold it in position must be equal 

and opposite, i.e. it must be a couple (clockwise in the diagram) 
of moment 45 dyne cm. 



154. 

of earth's vertical field at a place 

“‘f ‘•'o horizontal field 

strength is 018 dyne per unit pole? 

comnonLl',®^?'?!; “ represent the horizontal and vertical 

® fota* field R, inclined at 8 to the 
horizontal, S bemg the angle of dip. 

j|=tan 8 

V=H tan B 
=0-18 x tan 67° 

=0-18 X 2-366 


Therefore 
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155. 

A dip needle of magnetic moment 300 c.g.s. units carries a 
50-mgm. rider -which is adjusted until the needle, when swing- 
ing in the meridian, sets horizontally at a place where H is equal 
to 0*20 oersted and the angle of dip is 60°. What is the distance 
measured along the axis of the needle betw’een the axle and 
the rider? 



For equilibrium, the mo- 
ment of the couple due to 
magnetic forces must equal 
the moment of the weight of 
the rider about the axle. 

I.e. M\=\Vd 

J[/Htan60°=IFd 
300x0-20x1 -732 

=0-05 X 981 xd 

d:=2-12 cm. 


156. 

A short compass needle makes 20 -vdbrations per min. in the 
earth’s magnetic field. A bar magnet is placed in such a position 
that the time of s\ving of the needle becomes infinitely great. 
How many vibrations per min. will be made by the neecUe if the 
magnet is now reversed end for end? 


The expression for the period of a vibrating magnet: 
may be written in terms of the frequency : 

1 1 fMH 

whence it follows that, for a particular magnet, vibrating suc- 
cessively in two fields of strengths and 


J 


If the time of swing becomes infinite, H must be zero— that is. 
the needle is at a neutral point. At such a point the held due 
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to the earth (H) must he equal and opposite to that due to the 
magnet (— H), the total field being H— H=0. 

On reversing the magnet, its field changes sign and becomes 
H-H, the total field now being H+H=2H. 

So, substituting in the above equation, in which H,=H; 
f^g=2H, we have 

20 fW 

eOng V 2H 


per sec. 

and the number of vibrations per min. 



=28-3 


157. 

A small compass needle makes 20 oscillations in 25 sec. in the 
earth s magnetic field. When placed due north of a bar magnet 
having axis in the magnetic meridian, 20 oscillations occupy 

12 sec. How many oscillations will be made in a minute if the 
magnet is reversed end for endl 


From the expression for the period of an oscU- 

lating magnet or needle we may vnite Toe— i- if we are dealing 

for which 1 and M are constant. If the 
needle is osciUatmg successively in two fields, then 



or 


H 
T * 


8 


and 


8 'V 8‘ Hi 

In this problem the earth’s horizontal field 

rp 26 

2'i=^ sec. 


F being the field due to the magnet 

m 12 

^ 2 =^ see. 
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been written rather than H — F because, from the 
data, it is seen that is greater than T 2 and therefore if, must 
be greater than Hj. 




The two unknowns H and F can- 
both be found from one equation, 
but all that is required for the 
solution is the ratio F/H. 


625 .y 
144 

481_i?’ 

144“H 


In the third case ff 3 =H—F or H according as whether 
H>^ or ^>11. From the above value for F/H it is seen that 
the second alternative, H 2 =F—H, must be chosen. 


Hence 

and therefore 




26\* 

2o)_F-H_F 
/rj- H “H 
Substituting the value obtained for F/H gives 

25\2 

481 . 



144 

481—144 


16T 


144 


337 

144 




25x144 


16x337 
5x12 


4x ^/537 

=0*817 sec. 
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Therefore in 1 min, there would be . oscillations 

O’olV 

=73’4 oscillations 

Note that since the compass needle will have turned 

through 180®, its north end pointing south. 


158 . 

Two bar magnets are fastened together alongside each other 
with similar poles in contact, and are allowed to execute small 
horizontal oscillations on the end of a silk fibre. It is found that 
50 oscillations take place in 2 min. 32 sec. When one of the 
magnets is reversed end for end, 50 oscillations occupy 10 min. 
15 sec. Find the ratio of the magnetic moments of the magnets. 



(a) (b) 


Calling the momenta of the magnets M, and Jk 

“ (-ifi-fifa) in the firet 
(.of j— Juj) m the second (6). 

The periodic times are: 


2 , the moment 
case (a), and 




we may write — ^ 

Ti V MaH ■ 

erne 
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(Ta\ M^-M^ 

\Tt,) M^+M^ 

/152 50 \2 

50 * 615 ) ~M^+M^ 

/152y M^-M^ 

\6i5y 

0 . 06 U=§^ 

Ju Jl 2 

Jlfi ^ l+00611 
0-0611 
= 1-128 


159. 

A magnet whose moment of inertia is 650 gra. cm.* and length 
10 cm. makes 10 small oscillations in 2 min. when suspended 
freely so that it can swing in a horizontal plane. When placed 
with its axis east and west along one arm of a deflection magneto- 
meter with its centre 30 cm. from the needle, it produces a 
deflection of 35®. Calculate the magnetic moment of the magnet 
and the horizontal intensity of the earth’s magnetic field. 

Vibration Experiment 

The period of a magnet vibrating in the earth’s horizontal 
field is 

^ = 277 

In this problem 12 seconds 

and 7=650 gm. cm.* 

12=2x3-142 

Mn=65o(^^2<^y 

J7H=178-3 




whence 
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Deflection Experiment 
In the “end.on” position 

2Md 




d=30 cm. ' 
?=5 cm. 
^= 35 ® 


(900-25)* 
M 875* X 0-7002 


2xifx30 


=^Xtan 35® 


H 

M 

^=8932 


60 


Combining the two results 


s/l78-3x8932 

= 1262 dyne cm. per unit field 

u MU 178-3 
M “1262 
=0-141 oersted 


160. 

The needle of a deBection magnetometer makes 10 oscillations 
^small amplitude m 30-4 sec. in the earth’s magnetic field. 
When a bar magnet of length 10 cm. is placed in the “end-on” 

the time of 10 oscillations is 21-2 sec. Calculate the final ancle 
bebfo-l “oerated magnet. ®H 

3^e field in which the needle swines with a r 
penodic toe of 2-12 sec. is S, the reiultant of ^ 

E, the field due to the magnet, and H, the earth’s 
homontal field. Let the final angle of deflection 

Then, since 
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we have 
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3-042 Ji 1 

2122 “ 018 ~^ 3 ^ 
cos 0=0-486 
0=60® 54' 


In the “end-on” position 


F= 


2Md 


and J’=H tan 0 


„ (d2_/2)2Htan0 
“ 2d 
360000 x0-18x 1-7966 
50 

=2328 c.g.s. units 


161. 

How much work would be done in turning a magnet of moment 
500 c.g.s. units through an angle of 60® from its equilibrium 
position in the meridian if the value of H is 0-18 oersted? 


Let the pole strength of the 
.Tfi/y magnet be m and the distance 
between its poles 21. 

N Then the force acting on each 
pole due to the earth’s held is 
mH dynes. 

Referring to the diagram, the 
points of application of these forces 
have been moved from N' to N 
and from S' to S respectively in 
turning the magnet through 60®. 


The component of NN' parallel to the line of action of the 
force mH is N'A. 

Therefore the work done on the north pole is 

mH X N'A ergs 
=mH(N'0-A0) 

=mH(/— Z cos 60®) 

=m/H(l— cos 60®) 
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An equal amount of work is done on the south pole, and there- 
fore the total work done in turning the magnet through 60® 

=2m/H(l-co3 60®) 

— cos 60®) 

=500x0-18(1— 0-5) 

=45 ergs 


162 . 

A bar magnet is suspended horizontally with its axis in the 
meridian by a wire hanging from a graduated torsion head. In 
order to turn the magnet through 30®, the torsion head has to 
be turned through 90®. How much further must the head be 
turned m order that the axis of the magnet may lie at 45® to 

the meridian? (Assume that the torsional couple is proportional 
to the angle of twist.) 


{Meridian 


Magnet 


Torsion 

Head 





Angle of twist of wire in 30® position 

=90®— 30® 
=60® 

=90®+^®— 46® 

= 46 ®+^® 
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Couple required to hold a magnef of moment M at an angle 
a to the direction of a field of strength H 

= J/H sin a 

60 JtfHsinSO** 

45+0“JtfH8in45° 

_ 0-5 

=0-707 

60=0-707(45+0) 

0=84-8®— 45® 

=39-8® 


163. 

What is the intensity of magnetisation in a bar magnet whose 
dimensions are 10x1-5x0-5 cm. and whose magnetic moment 
is 800 dyne cm. per unit field? 

Intensity of magnetisation = magnetic moment per unit volume 

_ 800 
”10x1-5x0-5 
800 
”7-5 

= 106-7 c.g.s. imits 


164. 

A vertical steel chimney is 10 metres high, 1 metre in diameter 
and its walls are 0-5 cm. thick. Calculate its magnetic moment 
due to the earth’s vertical component from the following data : 

H=0-18 oersted 
Angle of dip=60® 

Susceptibility of 8teel=12-0 

V 

Since tan 

tan 60-=^ 

V=0-18x JZ 
=0-312 oersted 


• « 
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This is the magnetising field, and therefore the susceptibility, 



where I is the intensity of magnetisation. 

12 --!- 

0-312 

1=3-744 c.g.s. units 

I is the magnetic moment per unit volume, and therefore the 
moment of the chimney 

=3-744 X the volume of steel in the chimney 
=3-744 X 1000 X IOOtt X 0-5 
=588,000 dyne cm. per unit field 


165. 

^ ^ cross-section is 

p ^ symmetrically m a solenoid 30 cm. long containing 300 

with its axis east and west 

magnetometer and a simUar 
solenoid joined m senes with the first is placed along the other 

^iu^i t^^ j _■ - 1 . m A i. ^^n current flows, the 

^ compass needle is exactly neu- 

20^ cm from ® When the centre of the iron 

flmvf Vt !f;® ®nd a current of 

inSty MS^n tXtdn^^^o^^t tt 

of its actual length. H^Odg JSJU three-quarters 


[ummmrnuiui^f^ 
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The iTitensiiy of magnetisation, 

I = magnetic moment per unit volume 
M M 
“24x0 02 “0^ 

In the “end-on” position 

tan 6 
d=20 cm. 


1 3 

Z=2X^x 24=9 cm. 

tan 0=tan 45®= 1 
H=0'18 oersted 

458*1 


M= 


0*18x1 X(400-81)* 


2x20 

=468*l.dyne cm. per unit field 


I 


0*48 

s954 c.g.s. units 


The magnetic induction 

B=H+47rl 

H, the magnetising field in the solenoid, is given by 

H=47mt 

where n is the number of turns per cm. and i is the current in 
absolute units. 

... 300 2 

H— 47rX XjQ 

=87r oersted 
B=87r+(4x954)7r 

=3824 TT 

= 12,010 c.g.s. units (gauss) 

Permeability, 

B 

^=H 

3824 TT 


87r 

=478 


Siuceptibiliiy, 
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954 

“8x3142 

=37-9 


166. 

What force is necessary to separate two similar bar magnets 
each of moment 900 c.g.s. units, length 9 cm. and cross-section 
1 sq. cm., lying end to end with opposite poles in contact? 
Assume that the poles coincide with the ends of the magnet. 

The pole strength m is given by 

if 900 
” 2/“ 9 
jn= 100 c.g.s. units 

By Gauss’s theorem the field strength close to a pole of strength 
m is 27r— oersted, where a is the area of the pole face. 

fieW^^ experienced by the other pole of strength m in this 


27r — xm=27r — dynes 
a a 

=2x3-142x100® 

=62,840 dynes 
=64-06 gm. wt. 

and this force must just be exceeded to separate the magnets. 
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Two point charges, one twice the other, are situated 15 cm. 
apart. Find the position of the point at which a unit point charge 
would remain in equilibrium (a) if the charges are of the same 
sign, (6) if they are of opposite sign. 



If the unit point charge is in equilibrium, the forces on it due 
to the other two charges must be equal and opposite. This can 
only occur along the straight line joining the two charges — AB 
in the diagram. 

Let the required point be distant x from A and y from B. 

Then, applying the inverse square law: 


2g Q 



-= J2 or x= J2y 

y 


Also a;+y=15 

s/2y-|-y=15 

24142/=15 

2/=6-21 cm. 

The point of ^g njli b num is between the charges on the straight 
line joining them, at a dis tance of 6*21 cm. from the smaller 
charge. 



The neutral point must still be on the line joining the two 
charges but it cannot now be betw'een them if the forces they 
exert are to be oppositely directed. The point cannot be beyond 
A. since then it would be nearer to the greater charge, and could 
not be in equilibrium. Let it therefore be beyond B at a distance 

X from A and y from B. 



Then as before 
Also 
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2C Q 


and x=s J2y 


X- y 
jr— y— 15 
J2y—y=lo 

0'414y=15 

y=36*2 cm. 

The point of equilibrium is on the straight line joining the 


charges at a distance of 36'2 cm. from the smaller charge, on the 
side opposite to t he greater one, 

(For an alternative method of working this type of problem 
see Ex. 134.) ^ Jif v * 



Two pith balls each of mass 0*5 gm. are suspended from the 
same point by silk threads each 20 cm. long. Equal charges are 
given to the balls, which separate until the threads enclose an 
angle of 30 . Calculate the magmtude of the charge on each ball. 


The three forces acting on 
each ball are its weight mg 
vertically down, the tension 
T in the thread acting in a 
d^ection of 15* to the ver- 
tical, and the horizontal force 
F due to repulsion between 
the charges. Calling the 
charges each Q and the 
distance between them d 



and since 

d=2(20 sin 15*) 



=40x0-2588 
=10*352 cm. 


» • 


J’= 




10*36* ^ 

and oomponent of T must equal mg 

and ite horizontal component must equal F. ^ 

T’eos 16*=ni^=0*5x981 


dynes 
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T sin 15®=i?’= 


tan 15®= 


10-35* 


0-5x981x10-35* 


Q= s/0-2679 X 0-5x981x10-35* 
= 118-7 c.g.a. units 


169. 

Two conducting spheres of radii 2 and 3 cm. carry charges of 
+ 18 and —6 c.g.s. units respectively. Find the charges which 
uill remain on the spheres after they have been momentarily 
brought into contact. 

In this type of problem, equations may be written down from 
the two rules: 

(а) The algebraic sum of the charges remains the same 
before and after contact. 

(б) The potentials of the conductors are equal after contact. 

Let the final charges by Qi and O 2 common potential V. 

Then (a) gives §i+Q2=18— 6=12 

Q^=l2-Qj_ 

(6) gives F=^=^ 

since the capacity of a sphere is numerically equal to its radius. 

Q, 12-Q, 

2 3 


• • 


30i=24-2Qi 

^1=4-8 c.g.s. units 

^2=7-2 c.g.s. units 

or, from equation (6), we may write 

«i=|(0i+«2)=4-8 

0ii=|(0i+0a)=7-2 

That is, the total charge is shared in proportion to the capacities 


Three condensers have capacities of 1, 2 and 3 microfara^ 
respectively. Calculate their combined capacities in all possible 
combinations employing all three condensers. 
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The following combinations are possible: 


HHHf- 


( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 



In series: 

11 

“6 

Ci= A mfd . 

In parallel: (72=1+2-1-3 

=6 mfd. 


I _ 1 I 1 6 

Cj 2+3'^l 6 
^ 3 =^ mfd. 

1_ 1 1 3 

l+3‘^2“4 

Ct=n m fd. 

I ,12 

Cs l+2‘^3 3 
Cg—ll mfd. 


2‘^3 

=2i mfd. 




=2f mfd. 



’=31 mfd. 
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171. 

What is the capacity of a condenser consisting of two metal 
discs 10 cm. in diameter and 1 mm. apart, the space between 
them being occupied by a dielectric of specific inductive capacity 
(dielectric constant) 5? 


The capacity of a paraUel-plate condenser is : 

r-AlL 

^ 4nd 


We are given 




A = 7tx5^ 
k=5 

d=0-l cm. 


77 x25x5 

~4X 77X01 
=312*5 e.s.u. 


172. 

A parallel-plate air condenser of area 100 sq. cm. and plate 
separation 1 mm. has one plate earthed and the other connected 
to a conducting sphere of radius 1 cm. What charge must be 
given to the sphere to raise its potential to 100 c.g.s. units? 

Capacity of condenser 

Ak 

4:7Td 
100 

“477X0*1 
=79*55 c.g.s. units 

Capacity of sphere 
= 1 c.g.s. unit. 

Although there is an appearance of series connections in the 
arrangement, the total capacity is the sum of the individiml 
capacities, since the charge is obviously shared between the 
sphere and the condenser, one plate of which must be at the 
same potential as the sphere. 

Total capacity =79*55+ 1=80*55 

Since Q=80*55xl00 

= 8055 c.g.s. units 
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173. 

Two insulated spherical conductors, each of radius 4 cm., are 
connected by a wire and charged to a potential of 100 volts. 
A spherical conducting shell of radius 5 cm., divided into hemi- 
spheres, is now dtted concentrically round one of the spheres 
and earthed, thus forming a spherical condenser, the wire join- 
ing the spheres passing through a small hole in the shell. Cal- 
culate the final potentials and charges on the two conductors, 
and the change produced in the electrical energy of the system. 
(1 e.s.u. of potential =300 volts.) 


Initially, the charge on each sphere of capacity 4 is 

giving a total charge of 
8 

2 e.s.u. 

The total final charge 
will have the same value j 
and will be distributed in 
the same ratio as the capa- 
cities. {This follows from V,,,^ 
the condition that the final 
potentials are equal : 

Cl C,) 

The capacity of a spherical condenser 





Br 

B-r 


4x6 


6-4 

. ^ =20 
for the one under consideration. 

have therefore a conductor of capacity 4 connected to 
condenser of capacity 20. 

The total charge will be distributed in the ratio of 


a 


<1 • on — 1 


1 5 
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SO that 


and 


(W)- 


*± 

Q e.s.u. is the final charge on the sphere. 


2^ e.s.u. is the final charge on the condenser. 


The final common potential =|-^4^or 2 |-h20^ 


Since the energy of charge 
Initial energy 


Final energy 


e.s.u. =33^ volts 
=^QV 


8 


Therefore the energy of the system has decreased by ^ ergs, 

^ / 


174. 

A condenser of capacity 0-2 microfarad is charged to a poten- 
tial of 100 volts. A second condenser of much smaller capacity 
is now charged by connecting it momentarily across the terminals 
of the 0'2-mfd. condenser, the smaller condenser being then dis- 
charged by “short-circuiting” its terminals. This process of alter- 
nate charging and discharging is repeatedly performed, twenty 
times in all, when it is found that the potential of the larger 
condenser has fallen to 35 volts. What is the capacity of the 
smaller condenser? 

If the required capacity is c, then the fraction of the charge 
on the 0-2-mfd. condenser removed by each operation is 

c 

02-f-c 

and the fraction remaining is 

0-2 


0-2+c 
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So a^r 20 sharings, the fraction remaining is 

V»^o.35 


GO 


( 


0-2+cy 


log 


(-)=- 

\0'2-\-c/ 20 


=S 7 : log 0-35 


1*5441 —0*4559 


20 20 
log ^^|;^^=+0 02279=log 1-054 


= -0-02279 


0-2+c 


0*2 


= 1*054 


c=0*0108 mfd. 


175. 

What value of magnetic field strength will be produced at the 
centre of a circular coil of wire of radius 5 cm. containing 20 
turns, when a current of 20 milliamperes passes through it? 

^e magnetic intensity at the centre of a coil of n turns of 
radius r carrying a current of i c.g.s. units 

__27mi 

r 

n=20 
r=5 cm. 

»=0*020 amp.=0-0020 c.g.s. units 
Magnetic intensity=iMii2><20x0:00M 

=0*0503 oersted 


176. 

needle, swinging in the magnetic meridian, is situated 
at the centre of a circular coil of wire having 10 turns of radius 

v^ue of H 0*18 oer- 
What current must be sent through the coil in order that 
the dip needle may come to rest with its axis horizontal? 

If the needle seta horizontally, there can be no vertical com- 
ponent of the magnetic field. Therefore the field due to the 
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current in the coil must be equal and opposite to V, the earth’s 
vertical component. 



V= 


27mt 


H tan 60®= 


2x3-142xl0xi 


t= 


20 

20x0-18x73 
T x 3-142x10 


0-18x1-732 

= — ^.1^2 — =0 099 c.g.s. umts 
=0-99 amp. 


177. 

At a place where H=0-20 oersted a potential difference of 
2 volts applied to the terminals of a tangent galvanometer pro- 
duces a deflection of 65®. If the coil of the galvanometer has 
600 turns of radius 7 cm., what is its resistance? 


Let the resistance of the coil be Ji ohms. 

Then we can write two expressions for the current I : 


and 



V_ 2 
R~R 
5rH tan 6 
im 


5x7x0-2xtan 65® 
3-142x600 


Equating these, ^= 7 ^ 2^45 


=209 ohms 


178. 

When a current of 0-1 amp. is sent through the coil of a tan- 
gent galvanometer, the needle, before settling down to a 
deflection of 45®, makes 10 oscillations in 12 sec. What will be 
the deflection and the period of oscillation if the current is 

reduced to 0-06 amp.? 
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Assuming that the plane of the coil is in the meridian, 

tan /j 

t: 


tand 


2 


tan ^ 2 =^^ =0-5 
^,=26® 34' 


The field in which the needle swings is the resultant of H, the 
earth’s field, and F, the field due to the current in the coil. 


Since 

^2 
^2* 


« « 


H 


cosd 
cos 6 


rp 2 
2_-* 2 


COS 

COS 26 "34' 


1.2* 

T. 


cos 45® 


8945 


7071 


=1*350 sec. 



179. 

A constant current is sent through two tangent galvanometers, 
A and B, connected in parallel, the instruments having coils 
made of the same wire, but of different radii and different num- 
bers of turns. If the deflections are 45* in A and 60® in B, find 
the ratio of the radii of the coils. 

Let be the current, the resistance, the number of 

turns, the radius and the deflection for galvanometer A ; 
and etc., for B. 

Then, since for any two resistances in paraUel, the ratio of 
the currents is the inverse of the ratio of the resistances (i.e. 
of the lengths of wire in the coils), ^ 

I A Bb 

Ra ~^AnA 
__ rsnB 

fAnA 
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Also, since for a tangent galvanometer 

1=^ tan e 

7771 

I A taUb tan Qa 


Ib TEtriA tan Ob 

Equating the two expressions for the ratio of the currents, 

^Bfn-B tatib tan 6 a 


( 


TAnA ttpriA tan Bb 
ffiV tang^ 
ta ) ~tan0B 

tan 45® 

tan 60® 

1 1 


tb 


1-732 

1 


Ta Vl-732 

1 

= 1-316 

Note that the answer is independent of the ratio of the 
numbers of turns. 


180. 

Two cells and a tangent galvanometer are connected in series 
and the galvanometer needle is deflected through 62® from the 
meridian. When the connections to one of the cells are reversed 
so that the cells are in opposition the deflection is 28®. What is 
the ratio of the E.M.F.s of the cells? 

Let the E.M.F.s be and E 2 , E^ being the larger. 

Let the current through the galvanometer be /j in the first 
case and 1 2 in the second. 

In both cases the total resistance in the circuit is the same, 
and therefore the currents are proportional to the E.M.F.s of 
the batteries. 

When the cells are in series, battery E.M.F.=.Ei +-®2 

When the cells are in opposition, battery E.M.F.=£^i— 
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E j-j -^2 /j tan di 

I2 tan^j 

^i_tan ffj-J-tan $2 

E2 tan tan ^2 

tan 62°+tan 28° 
tan 62®— tan 28® 
_l-881+0*532 
“1*881 -0-532 
_ 2-413 
“1-349 
_^ 1*79 
1 

The ratio of the E.M.F.s of the cells is 1*79 : 1. 


181 . 

A piece of wire of resistance 4 ohms is bent through 180® at 

ite nud-pomt and the two halves twisted together. What is now 
its resistance? 

When the wire is doubled, 

we have two wires, each of ^ — 

resistance 2 ohms, in parallel. — ' 

Their combined resistance is 
given by 


B 2"*“2 1 
^=1 ohm 


th /Ti* of view: the twisted wire is of one-half 

double the cross-sectional area of the original 
wire. Therefore, smce resistance is proportional to length and 
mversely proportional to cross-sectional area, the resistance is 


(4^2)-^2=l ohm 
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182 . 

Find the effective resistances of all the possible combinations that 
can be obtained from three resistances of 1, 2 and4 ohms respectively. 


(1) 

r 1 4 

^i=l+2+4=7 ohms 

(2) 


1 1 . 1 . 1 7 „ 4 , 

R, 1+2+4 4’^“ 7°**™ 

(3) 

f 1 

— 

i2a=lH-2=3 ohms 

(4) 


jR 4=1+4=5 ohms 

(6) 

2 4 

i2K=2+4=6 ohms 


o * 

(6) 

CD 

i;=i+l=l= ^.=1“'^““ 

(7) 

<±> 

i=\+yv 

(8) 

ct> 

J-=l+i=-; i?9=liohms 

R, 2^4 4’ * 3 

(9) 


i2g=4+iJ8=4|ohm8 

(10) 


J?jj,==2+i2,=2|ohma 

(11) 


i?^j=.H-i?8=2iohms 

(12) 

/ i 

lA+l Ir '7°''”= 

(13) 


1 _1^^— JL; J 2 =l?ohma 
R.. 6+2 10’ “ 7 

(14) 

***** 

_L_— l4-l=-; i?.4=?ohm8 
22,4-6+1 6* » 7 

and, 

in addition, the three 

resistances taken separately. 
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183. 

A resistance coil of nominal value 2 ohms is found to have an 
actual resistance of 2*12 ohms. What length of wire of resistance 
20 ohms per metre must be connected in parallel with the coil in 
order that the combined resistance shall be exactly 2 ohms? 

Let the required parallel resistance be B ohms. 

Then from the law for resistances in parallel : 


1 

2 

1 

B 


2-12 

1 


B= 


B 
1 

2 " 2-12 
2 - 12-2 

2-12x2 

012 

4-24 

4-24 


Length of wire required = 


0-12 

35-33 ohms 

35-33 , 

metres 


20 

—176-7 cm. 


Note that an error of 1 cm. in the length would cause an error 
ol less than 0-001 ohm in the resistance of the coil. 


184. 

Six equal, straight wires, each of resistance 3 ohms, are joined 
so as to form the edges of It tetrahedron and two of the comers 
are co^ect^ to the terminals of a cell of E.M.F. 2 volts and 
neghgible mtemal resistance. How much current flows through 


Referring to the diagram, it is seen 
that the framework may be con- 
sidered as three conductors in paral- 
lei: AB of resistance 3 ohms, ACB 
of resistance 6 ohms, and ADB of 
resistance 6 ohms, the points C and 
D being joined by a resistance of 
3 ohms. 




178 


WORKED EXAMPLES IN PHYSICS 

Now, the framework is symmetrical about a plane containing 
AB and bisecting CD at right angles; and by symmetry, the 
points C and D must be at the same potential, and therefore 
no current flows along CD. So far as this problem is concerned, 
then, CD may be ignored, and we are left with the three con- 
ductors of resistances 3, 6 and 6 ohms in parallel. 


Their combined resistance— 


1 3 1 . 

17x71=2 


and the total current 




= 1J amp. 


185. 

A cubical framework is formed of twelve equal straight wires 
each of resistance 3 ohms, and a potential difference of 6 volts is 
applied between two adjacent corners. Calculate the total current 
flowing. 

Let the current along AB 

- tj) ^ be 

From s)Tnmetry it is ap- 
parent that the currents along 
AC» AE, DB and FB will bo 
equal. Call them each ig. 

Similarly, let (3 represent 
the currents in CG, BG, HD 
and HF. 

Then, applying Kirchoff’s 
first law to the points G, C 
and E, the current along GH must be 213, and those along CD 
and EF each (t2“*3)* 

Applying the second law to the portions AB, ACDB and 
ACGHDB, we obtain: 

(1) 6=3ii 

(2) 6=3t2+3(*2 — *3)“h3i2=9i2 Stg 

6=3i2“l“3t3-|'fl*3“l"3i3“l“3»2=6i2+ 12/3 
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Elimination of {3 from (2) and (3) gives 

. 5 

J2=- amp. 

From (1) »j=2 amp. 

The total current is the sum of the currents meeting at A 
or B — that is, ti+2»2. 

This equals 2+^=3? amp. 


186. 

For measuring an unknown resistance, a Post Office box is 
used in conjunction T^ith a 2.volt accumulator and a galvano- 
meter having a resistance of 20 ohms and a sensitivity of 1 divi- 
sion per micro-amp. With the ratio coils at 100 : 10, a balance 
is obtained when the box resistance is 300 ohms. What galvano- 
meter deflection would result from taking a further 1-ohm plug 
out of the box? 


The galvanometer cur- 
rent iff is required. Let us 
suppose that it flo^ from 
A to C. From the Wheat- 
stone bridge rule it is ob- 
vious that the unknown 
resistance must be equal to 

300 X ^^==30 ohms 

We can obtain a number 
of equations by applying 
Kirchoff's Laws to various 
portions of the circuit. 




Applying the first law to the points A and C : 

( 1 ) 

(2) i.=4+<! 

Applying the second law to the meshes ADC and ABC: 

(3) 301i2=20»j+100*i 

W 10i3-30t4-f-20iV or i^=3i^-[^2iff 
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Again applying the second law, this time to the meshes ABED 
and CBED, each of which contains the accumulator: 

(5) 2=rl00ii + I0i3 

(6) 2=30l!2+30i4 

We now have six equations for determining 5 unknowns — a 
surplus of one equation — we shall not use ( 3 ). 

Substituting in {5) and ( 6 ) values for ii and h from ( 1 ) and (2) : 

(7) 2=100i'(,+110i3 

(8) 2=331u-301iV 

We have now three equations (4), (7) and ( 8 ) containing 3 un- 

knowns { 3 , and ig. By substituting for *3 and in (4) values 
given by (7) and ( 8 ), we have: 

(2-I00(V) 3(2+30hV) . 

110 331 

(2 — lOOiff) (2+301ip) 2. 

330 “ 331 


330 

2 

330 




331 ' 3 

301 , 2 100 
331 “^3“^ 330 


330x331 


/301 320 

331 "^330 


20 \ 

30^ 




{330x301) + (320x331) 


‘'L 330x331 

2 

(330x301) + (320x331) 

^330(301 + 321) Wrox. 

1 

~330x3Il 

1 

— i/\ni30/-k 


”102630 

10 « 

=102630 

=9’71 micro-amp. 

Therefore the galvanometer deflection=9-71 divisions. 
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187. 

When a cell has its terminals connected through an ammeter 
to a resistance of 2 ohms the ammeter indicates a current of 
0-35 amp. Another resistance, of 3 ohms, is then joined in series 
with the original 2 ohms and the current is reduced to 0*20 
amp. Calculate the E.M.F. and the internal resistance of the cell. 





Let the E.M.F. be E volts and the internal resistance be r ohms. 
Then in the first case the total resistance in the circuit is (2+r)! 

E=0-35(2+r) 

and in the second case E=0'20(2-i-3-{-r) 

0*35(2+r)=0-20(5+r) 

0-7+0-35r=l+0*20r 

_0-30 

015 

=2 

The internal resistance of the cell=:2 ohms. 


Substituting the value of r in the first equation gives 

E=0*35(2+2) 

= 1-4 

The E.M.F. of the cell=l*4 volt s 

Note.— I n this and the two succeeding problems there are 

external resistance R, the current / 
and the tern^al P.D. c. Both the E.M.F. of the ceU and its 

calculated if two values of each of 
two of those v&riAbles are given : 

1 2 end i?j, as in this problem. 

Cj, Cj and R^, as in Ex. 188. 

Cj> Cj and as in Ex. 189. 
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188. 

The potential difference between the terminals of a cell is 1-2 
volts when the cell is on open circuit and 1*0 volts when the 
terminals are joined by a resistance of 5 ohms. What is the 
internal resistance of the cell? 

The first value of the P.D. tells us that the E.M.F. of the cell 
is 1-2 volts. 

The second value, l-O volts, is the P.D. across the external 
resistance of 5 ohms, and therefore 

1.0=5x/ 

{/ being the current). 

But the E.M.F. is the product of the current and the total 

resistance (intemal-t-extemal) in the circuit. 

l-2=(5+r)x/ 

10_ 5 

l-2”5-hr 

whence r=l ohm 

The internal resistance of the cell = l ohm. 


189 

Find the E.M.F. and the internal resistance of a battery if the 
terminal P.D. is 28-5 volts when giving a current of 1 amp., 
and 27 volts when giving a current of 2 amp. 

Let the E.M.F. be E volts and the internal resistance r ohms, 
the external resistances being and ohms respectively. 
Then, since the terminal P.D. is the P.D. across the external 

resistance ^ 

28*5=i?iXl 

27 0=ie2X2 

The E.M.F. is the product of the current and the sum oi tne 
internal and external resistances 

E=(i?i+r)xl 

and E==iB,+r)x2 

(i2i+r) = 2(if2+r) 

Substitution of the values of i?. and f?, derived above gives 

(28-5+r) = 2(13-5-|-r) 
r=l'5 ohms 
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By inserting this value for r in one of the expressions for E, 
we obtain 

^=(28-5+l-5) 

E=Z0 volts 

The E.M,F. of the battery=30 volts. 


190 . 

A length of copper wire of mass 4-5 kgm. has a resistance of 
14*7 ohms. Calculate the length and diameter of the wire. 
Density of copper=8*93 gm. per c.c. 

Resistivity of copper=l*8xl0'** ohm. cm. 


The two equations necessary to determine the two unknowns 
(length and diameter) are obtained by WTiting do^nl expressions 
for the mass and resistance of the wire. 

Let the length and diameter be L and d respectively. Then 


Ma8s=8*93x ttX — xL=4500 gm. 

4 

Resi8tance=l*8x 10~*xLx— 75=14*7 ohms 

Trti* 

4x4600 


• • 




L 

From which L 


8*93 X v 
14-7 x^ 
I*8xl0"*x4 


= >J Ji- 


4x4500x14*7x77 


93x7rxl*8xl0-*x4 


= V41*2xl0®=6-42xl0« cm. 
■L=642 metres 

Substituting this value in the first equation: 

d- ! 4x4500~ 

V 8-93 X 3-142 X 6-42x10* 
=0*10 cm. 


d=l mm. 


191 . 

A galvanometer having a resistance of 200 ohms gives a full, 
scale deflection for a current of 0*2 milliamp. Show, \vith the aid 
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of diagrams, how you would adapt the instrument for use as 
(a) an ammeter having a range of 0 to 1 amp., (6) a voltmeter to 
read from 0 to 100 volts. 

In each case the current through the galvanometer must be 
equal to 0*2 miUiamp. when the instrument is giving its maximum 
reading. 

(a) In an ammeter, which must have a low resistance, the 
excess current is by-passed by means of a shunt — that is, a 
resistance connected in parallel wath the galvanometer. 

For the maximum reading of 1 
amp., 0-0002 amp. will pass through 
the galvanometer and the remaining 
la. -v (1—0-0002) amp. through the shunt. 

Since Q and S are in parallel 

S lo 


I- = 0002 a 



« • 


• • 


0~ls 
S ^ 0-0002 
200“0-9998 

o_ 200 

4999 

= 0 040 ohms 

For use as an ammeter having a range 0 to 1 amp., the galvano- 
meter must be provided with a shunt of resistance 0-040 ohma^ 

(6) In a voltmeter, which should have a high resistance, the 
current is restricted by a series resistance. 

Total resistance=200+.K 

100 



0 - 0002 = 


200+i2 
100 


200 

'“ 00002 

= 500,000-200 
=499,800 ohms 


For use as a voltmeter having a range 0 to 100 volts a resistance 
of 499,800 nbms must be connected in series with the galva^- 


meter. 
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192. 

A galvanometer provided with a variable shunt is connected 
in series with a resistance box and a cell of negligible internal 
resistance. When the series resistance is 100 ohms, it is found 
that with shunt resistances of 10 and 50 ohms, the deflections are 
respectively 9 and 30 divisions. What is the resistance of the 
galvanometer? 

The current flowing through the cell is 


1004 


SO 


S-\-0 

The current flowing through the galvano- 
meter is 

E 


I 

c S+0 


1004 


SO 


S+0 



So, assuming that the galvanometer current is proportional 
to the deflection, 

50(? \ 


9 

30 


10 504-Gf 


104-(? * 60 




100(504-G')4-60G 50004- 160G 
600(10H-(?)-t-60(?“ 5000-l-650(? 
160004.4500=4500-1-4960 

0=233 ohms 


193 . 

Current passes through copper and water voltameters con- 
nected in series. What volume of hydrogen at a pressure of 77 ‘6 
cm. of mercury and at 15“ C. will be collected in the time taken 
to deposit 1*6 gm. of copper? 

Atomic weight of copper=63 

Density of hydrogen at N.T.P.=0'09 gm./litre. 

One of Faraday’s laws of electrolysis states that the mass of 
an element liberated is proportional to its chemical equivalent. 

The equivalent of copper is 63/2, since it is divalent. 

N 



WORKED EXAMPLES IN PHYSIOS 


186 


Therefore, calling the mass of hydrogen m gm., 

1-5 63 

~ 2 


m 


m=g5gm 


The voliime of this at N.T.P. = 


litres 


63x0-09 

and at 77-5 cm. and 15® C. the volume will be 

3 288 760 


( 


X 


X 


63x0-09 273 775 

=0-547 litres 

The volume of hydrogen collected will be 547 c.c. 


^ litres 


194. 

A tangent galvanometer having a coil consisting of two c^ 
cular turns of wire of radius 7 cm. is connected in senes -mth 
a copper voltameter and a battery. The current causes a deflec- 
tion of 60® in the galvanometer and deposits 1-05 gm. of copper 
on the cathode of the voltameter in 30 minutes. What is the 
horizontal intensity of the earth’s magnetic field? 

E.C.E. of copper=0 000329 gm. per coulomb. 

The current 1 may be calculated from the voltameter data: 

1-05 

■*“0000329x30x60 


= 1-775 amp. 

For the tangent galvanometer : 

6rH n 
1= tan Q 

TTfl 

6x7xHx1-732 


1-775= 


and 


3-142x2 
H=0-184 oersted 


many watts are equivalent to 1 horee-powerl (463-6 gm. 

= 1 lb.; 2-54 cm.=l in.) 

1 watt=l joule per sec. 
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1 lior8e-power=550 ft. lb. per sec, 

= (550x 12 x2'54) cm. lb. per sec. 

=(550 X 12 X 2-54 X 453*6) cm. gm. per sec. 

= (5o0xl2x2*54x453*6x981) cm. dynes or 
ergs per sec. 

_ / 550 X 12 X 2-54 X 453*6 x 981 \ joules per sec., 
\ 10’ J or watts 

=746 watts 


196. 

How long will it take to heat 2 litres of water from 25® to 100® 
C. in an electric kettle taking 5 amp. from a 220-volt supply, and 
what would it cost at Id. per kilowatt-hour? (7=4*18 joules 
per cal.) 


Heat required=(2000x75) cal. 

This is equivalent to (2000 x 75 x 4*18) joules or watt-sec, 

which equals / 2000x75 x4*18 \ 

^ V ^000 ) “ 


kilowatt-sec. 


/ 2000x76x4*18 


1000x3600 

=0*174 kw.-hour 
and the cost is therefore 0*174d. 


\ kw.-hours 


The electrical energy used 
2000x75x4*18 


IVt joules 

6x220xe 
/ 2000x76x4*18 
V 6x220 
=670 sec. 

=9J min. 


1 = 


-) 


sec. 


197. 


By means of an electric immersion heater connected to 240- 
Iao “ required to heat 100 Utres of water from 20® to 
70 t.. m 2 hoiM. Assuming no heat is lost, calculate the current 
nece^^ to effect this and the resistance of the heating coil 

(7=4*18 joules per cal.) s w". 
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Heat required to raise the temperature of 100 litres of water 
from 20** C. to 70® C. 

=(100x1000x50) cal. 

Electrical energy equivalent to this 

= (4-18 X 6 X 10®) joules 

This has to be aupphed in 2 hours. 

^ . , / 418 x5x 10* \ joules per sec. 

Power required=(^ 2x3601) - ) or watts 


If / is the current, 240/ = 


4-18x5xl0« 

2 X 3600 
18x5x10® 


• • 




X 3600 x 240 
20900 


i) 


amp. 


1728 

= 12*1 amp. 


The resistance of the coil must be 


240 


12*1 
= 19*8 ohms. 


198 . 

How long will it take to raise the temperature of the air in 
a room 4x5x3 metres through 10® C. by means of an electric 
heater taking 5 amp. from 250-volt mains, assummg no heat loss. 

Density of air=0*00129 gm./c.c. 

Specific heat of air at constant pressure=0*24. 

Joule’s equivalent=4*2 joules per cal. 


Mass of air 
Heat required 
Electrical energy required 

Time taken 


000129 X 4 X 5 X 3 X 10® gm. 

0 00129 X 60 X 10® X 10 X 0*24 cal. 

0 00129 X 6 X 10® X 0*24 x 4*2 joules 

0 00129 X 6 X 10® X 0 -24 X 4*2 
" 250x6><60 

= 10*4 min. 
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199. 

What resistance must be connected in series Mith a 100-watt, 
110-volt lamp if it is to be used, taking its rated current, on 
a 240- volt circuit? 

Since Power (watts) =Voltagex Current (amps.) 

The rated current taken by the lamp=|^ amp. 

This current will be passed on a 240-volt circuit by a resist- 
ance of 


(--IS) 


ohms. 


121 ohms. 


=264 ohms. 

The resistance of the lamp is its rated voltage divided by its 
rated current : 

So the added resistance must be (264—121) ohms. 

= 143 ohms . 

200 . 

How many 60-watt lamps may be safely run on a 230-volt 
circuit fitted with a 5-amp. fuse? 

To avoid blowing the fuse, the total current must not exceed 

fin 

6 amp. Each lamp takes a cxirrent of amp. 

230 

6 amperes would be taken by lamps. 

That is, by 19-2 lamps 

Therefore 19 lamps could safely be run on the 5-amp, circuit. 
(In practice a bigger margin would be allowed.) 

201 . 

100 vX'TJ * kilowatts at 

100 volts, the rputance of the mams connecting his plant to the 

power station bemg 0-6 ohms. What potential diff^noe must 
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be applied between the mains at the power station and what 
percentage of the power generated is lost in heat in the mains? 


The current in all parts of the circuit must be the same — 
, 4000 

namely, amp. 


The potential drop due to the passage of this current of 40 
amp. through the mains of resistance 0*5 ohms is equal to 

40x0-5=20 volts 

Therefore an additional 20 volts must be apphed at the power 
station if the consumer is to receive 100 volts. 

Potential difference between mains at power station=120 volts. 


Power lost in heating mains=/^i? 

=40* X 0-5 watts 
=0-80 kilowatts 

This is ^^x 100^ per cent, of the total power supplied by 
the station. 

163 per cent, of the power is lost in the mains. 


202 . 

A 60-watt, 100-volt tungsten filament lamp has a resistance 
of 13-35 ohms at 20^ C. What will its temperature be when 
connected to the 100-volt mains? The temperature coefficient ot 
resistance for tungsten is 0-0054 per deg. C. (a mean value taken 
over the temperature range 0® to 2500® C.). 

When the P.D. across the filament is 100 volts, the power 
consumed is 60 watts. Therefore the current through it is 

/=^=0-60 amp. 

and the resistance of the filament is 

—=166-7 ohms 
0-6 

at its working temperature, say <® C. 
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So we have 
and 


iJ,= 166'7=i?o(l + -00540 
13-3o==i2o(l + -0054 x 20) 
=i?o(l+0108) 

Rt 166-7 l+-0054i 

Rio 13-35“ 1-108 


166-7-f(166-7x0-108)=13-35+0-072U 

166-7+18-0-13-35=0-072U 


171-35 

*0721 

=2377® C. 


203. 

The coil of a moving-coil, mirror galvanometer consists of 100 

turns of fine wire wound on a rectangular former 2 cm. wide by 

3 cm. long, and is suspended in a u^orm field of strength 600 

oersted by a wire which requires a couple of 1 dyne cm. to twist 

the coU through 1 radian. What current through the galvanometer 

will produce a deflection of 50 cm. in the spot of light on a scale 
1 metre away? 


Let the required current be 
I amp., and the angular deflec- 
tion of the coil 0 ra^ans. 

Then the force acting on each 
side of the coil of length 3 cm. is 

^3 X 600 X dynes per turn 

or (3 X 100 X 60/) dynes for the 
100 tTims in a direction at right 
angles to the field. 

The two equal forces acting < 
stitute a couple of moment 


\ 



the two sides of the coil con- 


(3 X 100 X 60/ X 2 X cos 0) dyne cm. 

wWoh ^ in equiUbrium with the couple B brought into action 
by twistmg the suspending wire. e w auwon 

fl=36000 cos ^ X / 



192 


"WORKED EXAMPLES IN PHYSICS 


The angular deflection of the reflected light beam is 26 and, 
for a deflection of 50 cm., 

Kfi 

tan 25=^=0-50 

.-.20=26® 30' 
and 0=13® 15' 

13-25 X27r 

- radians 



360 

=0-231 radian 
Substituting in the first 
equation 


0-231=36000 x/x cos 13® 15' 
=36000 x/xO-974 

7=6-59 X 10“® amp. 


Along a portion of track running magnetic north and south 
a train travels at a speed of 80 km. per hour. Calculate the 
E.M.F. in volts generated between the ends of the axles which 
are 1-7 metres long, H being taken as 0-18 oersted and the angle 

of dip as 65®. 


Induced E.M.F.=rate of cutting of lines of force 

= V X {area swept out by axle in one second) 
= V X (length of axle) X (velocity) 

0-18 X tan 65® X 170 x 80 X 10® ^ ^ ,, 

“ 3600 


= 1-457 X 10® e.m.u. 


= 1-457x10"® volts 


rectangular coil of 20 turns, each of area 800 sq. cm , is 
rotated uniformly 5 times per second m a magnetic field of 
?reng?h 1^ oersted, the axis of rotation being at angles 

?rthe direction of the field. Calculate the maximum E.M.F. 

induced in the coil. 
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In the diagram ABCD represents the coil rotating about the 
axis FG. If the velocity with which AB and CD are rotating is v, 
the maximum rate of cutting of lines of force is {2av x 15) per 
second, where a is the length of AB. This must equal the E.M.F. 
induced in each turn of the coil in absolute electromagnetic units. 

So for 20 turns, E.M.F,=20x2auxl5 e.m.u. 

But v=5X7rx6 

where b is the length of AD. 

Maximum E.M.F.=20x2x5^a5xl5 e.m.u. 

=30007rxa5 
=3000 ttx 800 e.m.u, 

=3000 TT X 800 X 10-« volt 

=0 0754 volt 
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Absoluts tomperatxire, 84, 89, 
90-6 

Absorption of light, 97 
Acceleration, 12, 16, 17, 22, 29 
radial, 22 

due to gravity, 11, 13, 136 
Achromatic lens, 130 
Adiabatic equation, 94 
Ammeter, 187, 191 
Angle of dip, 154, 155, 164, 176 
Antinode, 137, 138, 140 
Apparent expansion, 61, 65 
Archimedes' Principle, 37'-46, 60, 
65 

Astronomical telescope, 127 

Balloon, 44, 45 
Barometer, temperature correc- 
tion, 64 
Beats, 133 
Belt drive, 31 
Boyle’s Law, 86, 87 
“Broadside-on" position, 147, 
148, 151 

B.Th.U., 66, 73, 81 
Bubble, 48 

Bunsen grease-spot photometer. 
97 

ice calorimeter, 76 
Buoyancy, 44, 46, 46 

Calorimbtby, 66-72, 74, 76, 76 
Calorie, 67 
Capacity, 169-72 
Capillarity, 47 

Centigrade to Fahrenheit, 62, 63 
Centrifugal force, 19, 20, 21 
Charged sphere, 169 
Charles’s Law, 86, 88 


Circular coil, 175, 176 
Circular motion, 20 
Compound microscope, 129 
Concave lens, 113, 117, 118 
Concave mirror, 106, 107, 108, 

no, 111 

Condensers, 171, 172, 174 
spherical, 173 
in series and parallel, 170 
Conductivity, thermal, 78-80 
Conical pendulum, 20 
Constant volume air thermo- 
meter, 89 

Continuous flow, 77 
Conversion of temperatures, 52, 
63 

Convex lens, 112, 114-18 
Convex mirror, 109, 110 
Cooling, 70-2 
Newton’s law of, 72 
Cosine law, 99 
Coulomb’s Law, 142, 143 
Couple, 163, 156, 162 
Closed pipe, 137, 138 
Critical angle, 102, 103 
Cubical expansion of liquids, 
61-6 

solids, 66 

Dalton’s Law of partial pres- 
sures, 87 

Deflection magnetometer, 166 
Density, 36. 37, 38, 41, 42 
temperature effect, 62-6 
Deviation, 100 
Dioptre, 126, 128 
Dip needle, 166, 176 
Dispersive power, 130 
Doppler effect, 141 
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Dropping plate, 136 lUumination, 99 


Efficiency of machines, 33, 34 
Elasticity, 51, 60, 135 
Electrolysis, 193, 194 
Electro-magnetic induction, 204, 
205 

“End-on” position, 148, 151, 160 
Energy, 30 
of charge, 173 
Expansion, linear, 55-60 
of gases, 86, 88, 90 
of liquids, 61-5 
Eyepiece, 127-129 

Fahrenheit to Centigrade, 52, 
53 

Falling plate, 136 
Faraday’s Laws, 193 
Field strength, 144 
Fixed points, 64 
Flotation, 38 
Focal length, 112-26, etc. 
Foot-candle, 99 
Fourth power law, 84 
Friction, 8, 18 
Fundamental interval, 54 
Fuse, 200 

g, 11, 13, 23, 136 
Galvanometer, 186 
moving coil, 203 
shunts, 191, 192 
tangent, 177-80, 194 
Gas constant, 95 
Gas laws, 85-96 
Gases, specific heats of, 96 
Gauss’s theorem, 166 
Gravity, acceleration due to, 11, 
13, 136 

Heating effect of current, 196-8 
Horse-power, 28, 29, 31, 196 
Hydrometer, 41-3 

Ice calorimeter, 76 
latent heat of, 74-6 


Image magnification, 106-10, 
114-16 
Impact, 32 

Inclined plane, 3, 10, 18, 27, 28 
Induction, electromagnetic, 204, 
205 

magnetic, 165 

Intensity of magnetisation, 163-5 
Internal resistance of cell, 187-9 
Interval, 134 

Inverse square law (elec.), 167, 
168 

(light), 97-9 
(mag.), 142, 143 

J, 77, 81-3, 96, 196-8 
Joule’s Law, 196-8 

Kinetic energy, 30, 32, 83 
Kirchoff’s Laws, 185 
Kundt’s tube, 140 

Lamp, 199, 200 
Lantern slide, 114 
Latent heat of fusion of ice, 74-6 
steam, 73, 75, 78 
Lens combination, 117, 118 
concave, 113, 117, 118, 121 
convex, 112, 114-18, 123 
meniscus, 122 
telephoto, 118 
Linear expansion, 65-60, 64 
Longitudinal vibrationofrod, 140 
Long sight, 126 

Machine, 33, 34 
Magnetic induction, 165 
intensity, 144 

Magnetometer, deflection, 148, 
169, 160 

Magnification, image, 106-10, 
114-16 

Magnifying power, 127-9 
Mechanical advantage, 33, 34 
equivalent of heat, 74, 76, 76, 
81-3, 96 
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Meniscios lens, 122 
Meridian, magnetic, 153, 155, 
161, 162 
Microscope, 129 
Minimum deviation, 104-5 
Mirror, concave, 101, 106-8, 110, 
111 

convex, 109, 110 
Moments, 4-10, 40 
Momentum, 32 
Motion, laws of, 11-18 

Narrow-angle prism, 105 
Neutral point, 144, 150, 167 
Newton’s law of cooling, 72 
Nicholson’s hydrometer, 41, 42 
Node, 137, 138, 140 
N.T.P., 92, 95 

Objective, 127, 128 
Open pipe, 137 
Organ-pipe, 137 
Overtones, 137 

Parallel forces, 4, 5, 6 
plate condenser, 171, 172 
Partial pressures, 87, 91-3 
Pendulum, 23, 30 
conical, 20 

temperature effect, 69 
Periodic time, 23 
Photometry, 97-9 
Poise, 49, 60 
PoUeuille’s equation, 49 
Post-Office box, 186 
Potential, 169 
energy, 30, 83 
Power, 28, 29, 31, 197, 199 
Pressure in bubble, 48 
Prism, 103-6 
narrow-angle, 105 
Projectile, 26, 26 
Projection lantern, 114 

R, 96 

Kadial acceleration, 19, 21, 22 
Hadiation, 84 
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Radius of curvature, 108, 121-3, 
125 

Range of projectile, 25, 26 
Ratio of specific heats, 94 
Real and apparent expansion, 
61, 65 

Real and apparent thickness, 

101 , 111 

Reflection, 106-10 
Refraction, 100-5, 111 
at curved surface, 119, 120 
Relative humidity, 93 
Resistance, temperature coeffi- 
cient, 202 

Resistances in parallel, 181, 183, 
184 

Resistances in series and parallel, 
182 

Resistivity, 190 
Resonance tube, 138 
Restitution, coefficient of, 32 
Retardation, 14 
Rumford photometer, 98 

Saturated vapour pressure, 91-3 

Screw-jack, 34 

Semi-tone, 139 

Sharing of charge, 174 

Short sight, 126 

Shunts, 191, 192 

Simple harmonic motion, 22, 24 

Solenoid, 165 

Sonometer, 132 

Specific gravity, 35, 36, 40, 43 

Specific heat, 68-72, 76, 77 

Specific heats of gases, 96 

Specific resistance, 190 

Spectacles, 125, 126 

Sphere, refracting, 119, 120 

Spherical condenser, 173 

Spiral spring, 24 

Spring, spiral, 24 

Statics, 1-10 

Stefan’s Law, 84 

Stokes* Law, 60 

Stretched string, 131-6 
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Stretching wire, 61 
Superficial expansion, 63 
Surface tension, 47, 48 
Susceptibility, 164, 165 

Tangent galvanometer, 177-80, 
194 

Telephoto lens, 118 
Telescope, 127, 128 
Temperature conversion, 52, 63 
effect of, on pitch, 139 
gradient, 79 
Terminal velocity, 60 
Thermal capacity, 69 
conductivity, 78-80 
Thermometer corrections, 54 
Thermometry, 62-54 
Total reflection, 103 
Transverse vibration of strings, 
132-6 

Triangle of forces, 1, 2, 140 

U TUBE, 36 

Vapoue pressure, 91-3 
Velocity of sound, 138, 140 


Velocity of waves along a 
stretched string, 131 
Velocity ratio, 33, 34 
Vibrating air column, 137 
magnet, 156-60, 178, 179 
rod, 140 
string, 132-6 

Vibration, simple harmonic, 22, 
24 

Violin, 134 
Viscosity, 49, 60 
Voltameter, 193, 194 
Voltmeter, 191 

Water equivalent, 71, 74 
vapour, 91-3 
Watt, 195, 197, 199 
Wheatstone bridge, 186 
Wheel and axle, 33 
Windlass, 33 
Work, 27-9, 31 

done on magnet, 161 

Young’s modulus, 61, 60, 136 

Zero error, 64 
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